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EVALUATION OF THE RADIONUCLIDE CONCENTRATIONS IN
SOIL AND PLANTS FROM THE 1975 TERRESTRIAL SURVEY

OF BIKINI ANI) ENEU ISLANDS

Abstract

In June 1975, personnel from LLL

and from other laboratories and

agencies conducted a radiologi.ca.l

survey of the terrestrial environment

of Bikini and lineu Islands (Bikini

Atoll.) to evaluate the potential

radiation dose to the returning Bikini

population, In this report, we pre–

sent measurements of the racli.onuclide

concentration in soil profiles and in

dominant species of edible and nonecl-

i.ble, indicator plants. We also cles-

cri.be the use of tl~ese data LO clerive

relationships to preclict tl~eplant

uptake of radionuclicies from soil..

Approxim.~tely 620 soil and vegeta–

tion samp].es from Eikinl and Eneu

Islands were a~nalyzed by Ge(l,i.)gamma

spectrornctry and by wet chemistry.

‘1’hepredominant ]-adi.onucliclesin

these samples are
60C0 90sr 137r~

,“,,
239,240 2411,LL ;41

Pu, , al~cl $,,1,. [IIgene-

l“a]., the radi.onucli.cleconcentrations

in soil from Eneu !sland and from the

four areas of Bikini f.sland appear

to approximate log--normal clistribu-

tions . Tile meciiallsurface-soil

concentrations (pCi/g) of Eneu Islancl

(0.067 for 60Co,
9osr

4.1. for ,

2.9 for
137c5

., 0.25 for
239,2401,U

,
241

aIld ().~~ fOr Am) are ten times

lower than those mcasureci on Bikini

60 907r
Island (0.S6 for Co, 76 for . ,

43 for
137c, 239,240

:, 3.0 fol- pL,, and

2.4 for 241AM)
Ne found that radio-

activi~y is unevenly distributed over

the s~lrface of these islands and that

the distribution of activity with

soil depth varies greatly in different

parts of the islands. Concentrations
90 1.37

in tilesoil of Sr and Cs are

24lAmgreater than concentrations of

anCt 239,240
Pu which, in turn, are

60C0
greater than concentrations of .

Tc quantitaclvely evaluate tile

9osr 137CS ,I,,d
:]lant uptake of >
~39,~40-

Pu, we develop soil-plant

concentration factors as well as

leaf–leaf and frLli.t-leafc’oncenL~”a–

Lion L-atlos [or indicator and edible

plant species from the same locaLiOn.

ln general , the concel]tration [actors

[or 1.37
Cs In terrestrial vegetation

90
are greater than those for Sr. ‘rhc

concentration factors [or both of

these nuclides exceed those for
239,240

Pu by one to Lwo orders of

magnitude (10 to 100 times). ‘For

90
Sr and

239,240
Pu, nuclide uptake

by fr-ui.tis less than that by mature

leaves ; I)owever, tiIcopposite is
1.37CS.

Lrue for The relative con-

tribution of the indiviciual planL

species to the internal dose, to man

1-
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varies with tl~enucli(le under consi-

deration. Thus > we also describe

the use of concentration factors and

concentration ratios to predict

nucl.ide concentrations in fruit from

those observed ii~soil or leaves.

Int:od lction

been col~ducteclto evaluate the radio--

lo~ical sta~us of tl]eJLoli.. ‘L’he

e,~rly surveys of Bilcini Atoll as well

as tllcrecent survey and assessment at

nearby llneweLal<ALo1 L indicate Lhat

conccnt]-.lLLons 0[ radionucli(les j.n

cerLain Lcrrcstr Lal foods arc rcl.a–

tivcly I)igl),‘s~lj;gcstin};Lhot tl~e

Lel-t-estl-ial.foc)dcllairlCO(IICIbe a m:l.]or
1-/,

Q:<pOSLI~e p.lLIIw(ly. In June 1975,

Bikini. !\EoLl was l-csurvey[l<it.odeter-

mine tllc l-csidu:llr,ldioactivity in I:lle

LeL-r(!sL).i,ll(~[)vironj]le17~s~lfl]ilc~(li~lnd

I:IIL7LIrsi;llld[+, L-IIC LIIII rnajn LC; .La IILIs of

tl~~ ;~Lo1.1. (Fi.[;. L). Tile 197~ survey

included measul:ement of environmental

g~~mma-r:~yexposure races and the col.–

lectio[l .]ncia~lalysis of samples 01

so i.].,ground water, cister[l water, and

vegetation for use in assessing the

in~eroal close via variotls irlgestion

pathways. (’~[ledose from exLernal.

X:lmma exposure and the r.~di.onucl.j.dc

conccntraLio\ls in cistern aIId ground

waccr t]avc t)een previously

5,6
reported . )

fission nnd

are the nuclides

of primary concern at Bikini Atoll.

Previous studies Ilav.esllow~lthat

L)ecallseof their Iollg l~alf 11.vesand
!lOSr i37C~ ~,ld

large ~nventorics, , ,
239,240

Pu contribll~e nearly all the

the terrestrial

study, OLI~ major

137c~
> and

che results ob-

pop(llation dose from
7,8

pa thway . In tl}i.s

90
ernphasj.sis on 51”,
239,240

i’L1 . F1owever,

60 241.
Lajned for co and Am are also

60
i.ncludeclbecause Co is widely dis-

tributed and is presen~ in the marine

pathway and because the concentra~ioln

of 241
Am is still :Lncreasing slightly

2[+1PU
due to the decay of

T.n Ll)j.sreporL, wc clcscrjbe the

~lpLa\<e of nucli.dcs fronl soil on

Bil<i[li.ALo1l. [;eometri.cmean values

60 90 1.37 239,?40
o E co , Sr, Cs, PO , and
~~~1

Am surface-soil ronccntrations are

clevelopcd for Llnc~lT.slancland [or

eacl) of Elle four areas into which

IJi.kini]sl.and was divided. .WC alSO

-2-
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Uif;. l.. ‘~he l~ikini /\Loll.

analyzed so].].profi].es to investigate

Llledistribution of ac[.i.vi.tywiLh

soil depth.

Soil-plant concentration factors

.llldsOi.l—plL311tregression equations,

to~ether with leaf–leaf and l.eaf~

fruit concentration ratios, are

cal.CLll.at(3cl for
9osr 137cs” .,nd

,“,
23~,240

PO i.nedible and incli.cater

plants as well as in soil from the

associated samp].ing site. I:rom our

evaluatiol~ of these clata, a methocl is

clevelopeclfor preclicti.rrgtl~cnuclide

concentrat-iolls j.nedible pla[l~s at a

Iomslan

i

Rokere

Eonjebi

Eneu

same location. ‘~hc predicted nucl.ide

concentrations in eclibl.eplants sub-

sequently serve as irnput data to

predict the internal. dose from ingestecl

terrestrial foods. ‘1’hisdose assess-
9

ment is presented in a separate report.

At Ilikini ALoII., the ~lptalceby

pi.ants of radioactive material from

Ellc:soil is the principal. source of

foodchain contamination. ‘1’bus,soil

is both L-heconvenient and the logical.

st.artin~ point for a prediction of

-3-



radionuclide concentration in Eerres–

trial plants. Soil–plant concentraciol~

llactors or soil.–plant recession equa-

tions are commonly used for a quantita-

tive comparison of the capacity of

different plant species and various

plant organs to accumulate radionu–
10

cl.ides through soil–root uptake.

Prediction of radionuclide uptake by

edible plants is needed to convert

l;N\JTRONM?N’I’AL SA}ll’1,
l.AflO1lJ\’L’[)RYANALYSIS

‘L’llcobjccti.ve of

the measured environmental SO1l con-

centrations into the potential dose to

man from the soil-plant pathway.

!dhere fruit samples are not available,

correlatic~ns between the concentrations

in leaves and ft-uit of a particular

plant species or between concentra-

NC AN!D

the surface-soil

Methods

su~-vey was to define the distribution

of radioactivity within Ellesoil. on

Bikini and Eneu lF,lands. This survey

w.~s Collductc?(lin a manner si.mi lar to

1
tha~ used at Enewetak Atoll.. ‘rhe

n~lmber of soil samples collected on

each island and witl)i(~specific

or

V1

wtlich could be used foL” future

1age sites. Sampl i.ngsites were

tions in leaves of indical

edible plant species enab

predict plant uptake from

the anticipated rad

Lhe vario(ls housing

consideration, .lnd

areas on the island was a function of

o<lctivity levels,

Locations under

Ileexpected living

[).lLLc?L-oS of the future inl~abitants.

‘rhus, Lneu Island, because of its low

and homogeneous acLLvi.ty ~evc]s was

sampled less densely than Bikini

fsland. Bikini lsl.and Ilas el.cval:ed

and more variable acLi.viEics and was

divided into four distinct areas, CilC.h

selected by superirnpos:ng a

or and

e us to

soil.

rectangular-grid network over an

aerial photograph of each island and

randomly choosing tl~egrid squares to

be sampled within each specific area

of interest. T’he surface-sampl.e loca–

tions for the islands are shown in

rig. 2. ‘rllesesamples were Laken

with a coring tool (a steel pipe, 30

2.
cm In cross-section) to a depth of

15 cm. I’he surrounding soil was

scraped away ancl a cutting tool. (a

flc3t piece of steel) was inserted

underneath the cover, freeing the

sample.

In addition to tl~esurface-soil

sampling pro~ram, vegetation and

associated soil profiles (soil pro-

files taken from the same locatiol~ as

the plan~) were collected wherever

suitnbl.e plaot species were locate[i

on Eikini

3, Append

ancl Eneu Islands (see F’ig.

ces A and B). I.eaves,

-4-



fruit, roots, litter, and stems of

edible (?andclilus, breadfruit, coconut,

papaya, banana, and squash) and non–

edible indicator (Sc~evola and

Messe~7schwidicL) plants were collected

when available. We attempted to take

at least one soil profile, and pre–

ferably as many as three, through the

root zone of each sampled plant. In

addition to the soil profiles taken

through the root zone of sampled

vegetation, other soil profiles were

collected on a random basis on both

Bikini and Eneu Islands. The geo-

graphical locations of these profiles

are also shown in Fig. 3.

All profile samples were taken

from pits dug witl~ a backhoe. After

tl~epit was d~lg, the sidewalls were

c.JrefLlllycut back a few c.cntimctcrs

to e[~sure a clean, undisturbed

profile. For each profile, 100-cm2

samples were collected from the side–

wall at increments of 5 cm in the

upper part allclof 10 to 20 cm through

the lower part of the profil.c. “roL:l”l

depLll for profile samples varied from

25 to 105 cm.

Vegetation and lj.tter samples were

carefu].ly selected and classified by

age. For example, collected l.eaves

were classified as yo(lng, m,aturc,

and senescent. Two ages of lj.tter

were readily identi.fiablc and were

collected accordingly. However,

fruit samples representing different

stages of growth were unavailable.

All samples were handled separately,

plsced in plastic bass, and sent to

LLL for processing an(i analysis. As]

soil and vegetation samples were

analyzed both by Ge(Li) gamma spec–

trosocopy and by wet chemistry for

the following radLonuclides (see Re[.

40K 55Fe 60
12): > ,

90<r 1061<L,
co > >. , ,

102111R,, Ilflmq 1255b 133B1 1.37C5
> *g,,

144 152EL, 155FU ?07
Ce,

~i ‘kRa “
.,

235U 238PU ‘239PU 2401,U ‘241PU ‘
> > > > ,
241Am,

and

DATA ANALYSIS

The surface-soil (O to 1.5 cm)

activities appear to approximate log–

normal distributions and thus, we
60C0

calculated Seornetric means of >
90

Sr,
137 239,240

Cs, Pu ,
24l.l,,n

and

concentrations in so.i.l.for Eneu

J.sland as a whole and for the four

areas of intercsL on llilcil~iIsl.al~d.

For each prof].1.ecolLected, we ploLtcd

(on semilog paper) the concentrations

of the selected nuclides as a function

of depth. The profile data were com-

pared in an attempt to characterize

the different areas of the islands

(see Appendices A and B).

Because they are Ehe major contri-

butors to the dose from ingestion 0[

terrestrial foocls (Refs. 1, 7, 8),

90Sr 1.37Cs ~l,lcl239,2401,,1,{cre
, >

select.ed for more detailed analysis.

We calculated concentration factors

for these Iluclides from measured

-5-
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concentrations in plant samples and

from the avera:e measured COnCelltrati.011

in tl~eassoc.iateclO- to 25–cm soil

profile. Ile clefine the concentration

factor, CF, as

~1~= pCi/g dry plant
pCi/g dry soil- -

To reduce the variability in average

s“oil concentrations (used to calculate

the concentration factor), we usecl P

O- to 25-cm soil profile that encom-

passes a large fraction of the effec-

tive absorptive root zone rather than

the deeper O– to 55–cm profile that

encompasses the entire root zone.

Concentration factors calculated on

tilebasis of the average soil conce.n–

tration i.n the uppe~ 25 cm of the

!]rofil.earc somewlML greater but do

not cliffer substantially from those

based on the clceper profi].es (Tabl.cs

1 and 2). All. concentration factors

reported here are therefore those

clcriveclfrom ave]-age 0– LO 25–CI11 soil

conccntr~tlorls .

The average O– LO 25–cm soil

concenLr,aLioll is calculated as LIIC

w~i.ghtcclgeometric mean for the

separate concentrations, measul’ed at

various

profile.

tl]an the

set equ:~.

ncrements (-hrou~hout tl~e

Concentration values less

minimum detection limit are

to tllcdetection limit,

following the U.S. Environments]

Protection Agency technique.

-9-

Whenever the number of samples is

large enough, soil concentrations

are plotted against concentrations

in plants from the same sampling

site; the results are analyzed

with linear regression methods.

These linear regression results

are “statistically significant” at

the O.I-level of a standard F test.

For each combination of nuclide,

plant organ, and species considered,

statistically significant regression

equations are compared to the median

of the calculated concentration

factors and a single representative

concentration factor is assigned.

Preclictions of radionuclide

levels in foodstuffs can be made

from concentration factors if

rneasureclsoil concentrations are

available; however, concentration

ratios are also needed if the only

available data are from mature leaf

samples. The concentration ratio

is clefincclas the ratio of the con-

centration i.nfruit to the concen-

tration in leaves of the same species;

or, as the concentration in leaves of

one speci.as to the concentration in

leaves of a:lother species. We cal-

cul.teclpreliminary ratios for all

avallab].c species from the 1975

Bikini. survey. Ilowever, because of

the small. number of samp].es irrvolvcd,

a statistical analysis of these

results was not possible.

I
...... b ,.!
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Table 1. Average radion{lcSide concentration for O- to 25-cm and deeper soil
profiles,

_—.._—

I.ocationc]

TOOO.L (0-25)b

(0-40)

TO051 (O-25)

(o-45)

T0061 (O-25)

(o-55)

TO062 (O-25)

(o-45)

TO081. (O-25)

(o-45)

T0121 (O-25)

(o-55)

‘1OI61 (O-25)

(o-55)

‘1’ol.sl (o-25)

(0-55)

“LO191 (O-25)

(o-55)

T0241 (o-25)

(o-45)

To251 (o-25)

(o-~+5)

To261 (0-25)

(o-45)

T0271. (O-25)

(o-45)

T0301 (0-25)

(0045)

———..——..————-—.

—

Aver~g~$oil Collcentratioll,pCi/g dry wei~ht

90 1.37cb 239
Ss PL]

240PL,

-— — ___-.——— -— ——

81

70

202

208

42

150

67

80

126

70

89

34

21

30

9 [,

62

36

28

3.7

4.7

7.3

9.’8

7.8

6.8

1.0

(3.62

16

20

—-___-——

45

27

150

1.65

28

85

31

37

[+3

15

50

25

34

25

13

5

23

18

3.3

2.8

7.9

5.7

4.6

1.8

0.88

f).~o

10

1.2

a Samp].e Iocati.ons are shown in Fig. 2.
b

De~>Lh of soil profile in centimeters.

c Not. c!eLecLed.
-1o-

4.3 4.7

1.6 1.8

9.2 10

9.2 10

~.~, 1.6

5.1 5.7

2.3 2.5

1.3 1.5

2.2 2.5

0.53 0.64

2.0 2.2

0.52 0.60

1..5 l.1

1.1 1.2

2.4 2.8

0.56 0.70

0.-)9 ].~

0.87 1.0

0.42 0.46

0.49 0.47

0.2/4 0.27

0.4’2 0.G5

0.41 0.47

0.23 0.38

0.12 0.14

—-—c -—-

1..1. 1.2

1.6 1.5

.———— —.—
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1

‘~al)le2. Soil-mature leaf Concentration fartors calculated for O- to 25-cm
and deeper soil profiles.

—_.— —.— ——. ——. _———-——

‘i’oool. (O-25)

(0-40)

‘[’0051. (O-25)

(0-40)

‘1’0061 (O-25)

(o-55)

‘1’0062 (0-25)

(o-55)

‘1’0081 (O-25)

(o-45)

‘1’0121 (o-25)

(0-55)

‘[’01.61 (O-25)

(o-55)

‘1’0181 (0-25)

(o-55)

‘1’0191(O-25)

(]iLLc’1”)(O-55)

‘[~~~] (0-25)

(o-45)

‘]’0261 (O-25)

(o-45)

‘r0261 (o-25)

(o-45)

‘]’0271. (O-25)

(0-45)

T0301 (O-25)

(o-45)

—.

Concentration Factor,—..——--—— (p=~j drY leaf)/(pCi/g@rY soil)
90

s r
239PL, 3!+0

P u
—.

1.0

1..2

0.94

0.92

5.3

0.15

2.8

3.3

1.4

2.4

1.2

2.5

0.22

0.19

0.1.1.

0.17

0.56

0.72

().30

0.19

0.16

0.12

0.099

0.20

———

———

0.11

0.085

17

’19

0.30

0.27

2.5

0.82

2,2

1..9

0.79

2.3

2.9

5.9

13

18

35

9.3

1.7

23

1.1

1.3

3.9

5.4

?.6

6.6

16

36

2.3

2.0

0.01

0.038

0.050

0.050

0.043

0.012

0.0/+9

0.028

0.019

0.078

0.030

0.066

0.018

0.024

0.01.2

0.051.

0.025

0.029
b

———

0.010

0.0059

———

———

——-

——-

———

—--

;1
Sam[]lc ]ncations al-e shown in FiG. 2.

b
No data.
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0.01

0.01

0.0053

0.0052

0.045

0.013

0.045

0.013

0.0494

0.029
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0.084

0.014

0.054

0.018
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0.013

0.051
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Results and

Although more samples are available

from the 1975 Bikini survey tl]an fl-om

any previous SLl~VPY (Table 3), there!

is little consistency in the gcograpl~-

60C0 90Sr
iC~l distribution of

137c~ 239,240P,1 ~I1d 241~m 0,1~il<i.li
,.,

and EncLI Islands (see Appendix C).

The maps and overlays in Appendix C

present the activities of these radio-

nuclides in picocuries per gram of

dry soil over tl)e sites from whicl~ the

samples were collected. A list of

concentrations of all detectable

nuclicles for each sarcpling site is

given in Appendix D (microfiche

included in pocket on inside back

cover) . A clry-soil density of 1.5

g/cm3 may be used to convert the

integrated profile uata into acuiv.ity

per u:.i~ area. Ilowever, some caution

must be cxerciscd in such calcu].at.ions

because a si.gnifi.cantfraction of the

total activity may be located below

the sampling depth.

Table 4 presents tilemeans of the

SLlrfaCe-SOi]. Concentrations of the

clominant nuclides for Eneu Island

and for the four areas of i.ntcrest on

Bikini Island. The values for Eneu

arc consistently ten times ~.ower Lhan

concentrations for any part of Bikini

Island. As expected, on Bikini Is].ancl,

Discussion

Area 1.shows the lowest soil concen-

tration, since it is an ?xposed beach

.Irea that has been cleared for

Data from Bikini
3d

housing. ‘?n

Enewetal/2 have revealed that soil

activity is directly related LO the

amount of vegetation present in the

area surrounding tl~esampling site.

One possible reason for this is that

a heavy vegetative cover can protect

the underlying soil, minimizing the

effects of weathering processes (e.g. ,

wincl and t-sin erosion) tha~ transport

surface activity through the soil

column to tl~ewater lens. Follow-up

field work aL Knewetak Atoll has alSO

shown Lilat> In heavily vegeLatcd

rll-e.cls, ~itter .LllCre~SCStllC!S01].
13

retention of rclclionuclic[c:s.

Altl~ougl]soil concentrations of

raclionucliclc:sin Area 2 appear to

be hi~hcr for
90

Sr and
239,240PU

than in any otl~er area on Bikini,

9osr
statisti.c.al ana~ysis of the

concentrations for eacl~ of the four

areas on Bikini, using tl~eMann-

Whitney lnollparametric test, snows

no sigl~ificant difference between

the concentrations in the various

areas. However, a more extensive

analysis is ncecleclto better define

the real differences in concentra-

tions in tl~cvarious areas.

-12-
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Table 3. Number of vegetation and soil samples in vc]rious Bikini s~]rveys.

———.——

Number of .sq)les——.-

S37 239
Cs

Xlo],u

L975
SLll”VCy

5 (5)
1 (1)

8 (4)

4 (4)

~ (2)

1 (1)

3 (3)

22 (8)

6 (6)

8 (2)
1 (1)

6 (3)

[,~

lg~

90
Sr

64-74;’ 1975b
Species, Organ Survey Survey

64-74 1975 64-74

survey Survey survey

~czndunus, Ieavesc
fruit 6

6 (6)’1
1. (1)

8 (4)
4 (4)

6 (6)
[$ 1 (l.)

Papaya, leaves

fruit

2 (2)

1 (1)

2 (2)

o I (1)
Breaclfrult, leaves

fruit o

3 (3)Banana, leaves 3 (3)

2? (8)

48 6 (6)

Coconut, leaves

fruit 5

22 (8)

6 (6)

L512ae7.k21u,leaves
frui.tin:

body

8 (2)

1 (1)
‘8 (2)
1 (1)

Messerschmidiu,
Leaves

6 (3)

Soi.i Procilcs 5

176 196196

b
Data from Ellis report.

c
I.eaves i.ncl[lcie both mature ancl yo[lng specimens.

c1
Number 0[ samples that halve d~.rectly associated soil profiles.

-13-
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Table 4. Mec~i.an surface soil concentrations (0 to 15 cm).

.

1,:
.
.

i’

—

Nuclide Area 1

60C0
0.59 (51)1)

9osr
/,1 (35)

137c~
’34(51)

239,2401,(,
2.3 (70)

~1,1
Am 1.8 (51)

a Arithmetic average of soil

b
Numbel-of samples taken.

(5) 69 (13) 68 (70) 76 (1’28)

6) 4s 03) 48 (~~) 43 (]78) 68)

(lo) 2.1 (34) 3.0 (1.40) 3.0 (254) (146)

(6) 2.7 (31) 2.1 (87) 2.4 (175) (6S)

f?lleu

Island

0.067 (66)

4.1 (73)

concentration in Areas 1–4 on BiliiniIsland.

S011. PROFILES

Soil. profiles fl-om different parLs

of Bikini and El]eu Islands snow a w~dc

r<~oge of activity clistributions vitll

depth . (A lisLing of Illlccc)ncentl”a-

tions mccls~lrcdfor each profl.1.c1.s

g~vcn J.nApp Qndix A and Ll~e data arc?

pl-escnted graphically In Apljendix B. )

As noted by Helcl,

soil cnvi.ronmcnts

vertical. patterns

cion. Tllc nearly

of the upper soil

Atoll. by clcari.l~g,

i.4
c]i[fcrenL l>lanE-

cxl].il)itcliffercnt

of nl}cllde nligra-

complcu.c disruption

layers aL llikini

col]struction, and

testins over the past 30 years as, WC1..L

as by agricultural pract~ces initiated

more recent].y has crcatcd a variety

of p].ant-soil.env~ronments. ‘T1lUS, Llle

i.nhomo[;cni~yof l.hes(j.i.lon ~llesf:

?s~anc~s ic+ I1OL surprising. however,

because of this inhomogen~ty, general.-

~zations are not very meaningful, and

these islands cannot be cilaracterized

by “average vertical profiles” with

which to formulate cleanup criteria

and to es Lima Lc? dose.

‘[he four basic types of profiles

l?
clel.lneatecl at Knewetak Atoll are

al]. present on Wkini Tsland (see

l?i~. 4). A1.tlioughWC? COU~d l)Ot

idc!nLi.fyany particular pl-ofi.leLype

for extensive areas on llikin~ island,

specific ]ocat.Lens can bc assigned

“typical” profiles for predictive

purl)oscs. l~or example, on Bikini

l.sland a Eroup of samplus taken in

close proximi~”y to one another

(TO091, TO1.0].,70.1].1,‘1’0].2].,and

TO131) snow Rcncra].ly dccreasin~

activity l.evcls with dcl>th despite

. . . .. .
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some ‘variability in pattern in the

upper parts Of the profiles (see Figs.

5-9; Appendices A and B). Other loca-

tions, limited in area, can be assigned

different “typical” profiles.

In ~eneral, profiles from 13i.kini

Island show decreasing activity levels

with depth. In contrast, those from

E~~eu Island exhibit a pattern 01

uniform or s“[ow].ydecreasing activity

levels from surface to total-sampled

clepth, The variations seen in the

profiles on Bikini may be the result

15- 1 I 1’ [

12-
A

of the location of organic layers in

the profile. Because organic matter
15

Eencls to concentrate radioactivity,

nol~uniform patterns of raclionucllde

concentration may result from or~anic

layers ti~at have been buzied recen~ly

by construction and ~ehabil.itation

activities.

Although it is difficult to gener-

alize about patterns of activity dis-

tribution, the relative concentrations

of the dominant nuclides show a con-
90 137cs >

si.stent trend: Sr and

Ii’l”

/’9CF = 0.1596 —

9-

A.

Linear t-egression line

— y = 0.1149X + 1.667

6– A —

A

—

3– —

‘A

0 I 1!!111
0 25 50 75 100

Concentration in soil –pCi/g dry weigh-t

5. Corrclati.on cjf thr
90

Sr col~centration i.n mature coconut .leavcs with
Ll\econcentration of 90:;) :in the soil at the same si.tc.

..
—-. ..

----
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00)
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200 —

.
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A —

—

Linear regression line
Y = 12.86x - 72,()] _

/

—

CF = 3.028 —

A
o -A ~/ I l-l 1 I I I I

o 10 20 30 40 50

Concentration in soil –pCi/g dry weight

Fig. 6.
1.37

COrrel.ati.011 0[ El]c Cs concenLr:Icion in mature coconuL ].eavc!sWj.til
the concpntrdtj.on 01- L37cs ill LlleSO1l ,lL tl)csalllcSiLL?.

~39,2.40
Pu and

241.*nl > 60~0. ‘~~e
90concentration of Sr on Bikini

Island is usually Lwice that of

137c~ 239,240PU
, Len times that of

and 24’An, and thirty to forty

times that of
60

Co (Table 4). As

mentioned previously, SOi]. concen-

trations on Eneu are about ten

times lower than those on Bikini

Island for all the radionucl.ides

considered.

PREDICTION OF P1.ANT UPTAKE

Average concentrations in Lhe O– LO

2~–cm portions of Ehc soiL Profiles

,lre combined wi th measured concentra-

Li.ons in plants Lo predict the uptake

of various radionuclides from the

soil. In general. tl~cse plant-roil

relationships from the 1975 Bikini

survey confirm tllcresults of previous

sllrveys; holiever, the relationships

ore of[.en statistically j.~~signlficant.

-17-
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Linear regression line / /“
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/y = 0.01219x + 0.00473

/
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/

/

/ @ Linear regression line
//

//’

y = 0,0119x + 0.00327

030– o //
A

020 –

.

nln—Ulu

/

//

//

‘/ @
o-
U

—

—

—

—

—

A
. 239PU

—

B———=
240PU

—

I I I I I I I I
1 2 3 4

Concentration in soil – pCi/g dry weight

239,240
Fig. 7. Correlation of tl~e Pu concentration in lm<]tuuecoconut leaves
with the concentration of 239,240pu in Lhe SOil at the same site.

I

Illsurveys where tilenumber of sam-

ples considered for any one case I.S

small, relationships tl~atappear to

be statistically insignificant are

of Len extremely signlfiCanL, since

sampling errors may donlinate the

explanatory variables. A].uhough

sLatisLica] ana].ys

n(umber of samples

s of a larger

s necessary Lo

verify the results, we recommend the

use of the general plant–soil rela–

tjon.ships developed in this study

for subsequent close assessm~nts.

(;oncenLraLion Factors.—.—.——— ——..—

Soil pl-ofilcs wi.tl~uniform

pa~tcrns of nucli.dc ni~l-atjon are

seldom ~ounc!at BLkinL ALO1.1.a.sa

-18-
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100

80

60

40

20

0

I 11’

— —

—

— —

—

CF = 0,4847
A—

. —

— A —

Linear regression line
y = 0.342x + 4.189— —

o 25 50 75 100

Concentration in soil – pCi/g dry weight

result of tl~ecompLcLe disruption of

the upper soil. layers by clearing,

construction, and testing over the

past 30 years as well as by more

recent agricultural practices. ‘L’o

cletcrmine the soil concentrations of

nuclides that are actual].y available

to the root system of a specific

plant, we sampled soil profiles in

direct contact with the root sys~em.

The two rep].icate samples of soil

profiles show minimal variation,

regardless of tl~eside of the plant

from which they were taken (Table 5).

In contrasC, profiles in the general

area but not in direcL contact wiLh

the root system of the plant sample

are highly variable (Table 6).

Tables 7 ancl 8 present the range

and median values of concentration

factors cal.culat.eclfor vegetaticm and

soil sampled from the same location.

‘l’able9 compares the information from

these tables wjtl~ the same information

-19-



.r-
P
a

>
c
Lu
LJ

E
v

500

400

300

200

100

I

—

—

I 1’ I 1 I
Ii

—

—

—

— —
CF = 3,708

—
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A y = 1.668x + 108.69

. —

A
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0

,’
for collcrntration factot-s calculated

s.lmplc>sfor-which no soil samples

1 frOm tl~esame Locatj.on are avail.abl.c.
I

( WC selected mature scaevo~.c~and coco–

nut leaves for this comparison because

they provide the largest number of

I

I

samp].es in both the associated and

unassocjaLed catezorles. A comparison

of Lhe ranges in “1’abLc9 shows the

importance of ~lsi.ngassociated pl.ant-

Soil data (data from Lhe same S;lmj>].jflg

site) . ConcenLraLi.on facLors cnlcu-

latcd fL-om unassociated plant. and

soil factors show a variation of

Lhree orders of magnitude in the

137
case of Cs uptake by mat-ure

,5(.’([(<ZI()Z.a.le..avc?swllilc concentration

factoz-s calculated ~rom associated

claLa vary by one order of magnitude

or J.CSS. ‘~]leSCresL1l.Lsagree wiLh Lilc>

wicle range of collcenLraLion factors

calculated in previo~ls surveys from

1,4
LlllaSSOCia~e~ pl<lIltand Soil. Salllplcs.



Table 5. Radionuclide concentrations in replicate O– to 25–cm soil profiles.

Locationd

Average Soil Concentration, _,drv wei?ht-..—,2 .

90~r 1.37
Cs

239PU 2//0
Pu

Group 1

Toool 81 45 4.3 4.7

TOO02 92 29 4.6 5.1

TOO03 101 44 5.0 5.5

Group 2

TO061 42 28 1.4 1.6

TO062 68 31 2.6 2.5

aSampling sites are shown in Fig. 2.

Table 6. Radj.onuclicle concentrations in O– LO 25–cm soil profi].es taken from
the same general area.

..—..— —— ——— .—_—_——_-——_ —

Groq> J.-——

TO091 81 55 2.5

Tolol. 32 35 0.27

‘1’011 L 81 87 3.3

To] 21 89 .50 2.0

‘ro 1.3]. 86 1.3 0.53

croup 2

Too31 6.8 8.6 0.18

Too4 t 35 26 0.58

“roo51 202 150 9.2

TO061 [j2 28 1.2

Too7 1 1.27 86 4,6

——— .. ...—

a
Sampl ing,sites are sllo[~nin Fig. 2.

2.8

0.29

3.7

‘2.2

O.(J4

0.20

0.69

10

1.6

5.1
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Table 7. Soil-to-plant uptake of
90

Sr and
137

Cs from plants and soils sampled

at the same location.

..——

Species, Org<Ln
.—

Sczeuok, Iilatllre

—..—

—.

Nedian
—

7.4

3.7

3.7

3.0

2.5

8.6

15

0.054

3.1

a,?

1.6

7.0

0.42

?6

56

137CS
———..—-—— ..——

No. of
Stllllpl(!s Xinimuw N:lximum ~iedian
—.—

1!0.of

S.llllples ~{inimum i[<~xim m

~~

50

50

16

3,6

9.8

1./,

25

-—_

5.9

18

],[,

-—-

O.j(,

---

0.24

0.48

0.24

0.099

0.024

< 0.019

z 0.0084

0.71

b--—

0.62

0.12

1.[,

--—

~./,~

---

---

(),/+1

0.86

0.86

0.3s

< 0.018

0.026

< 0.012

2.(,

--—

4.()

0.85

2.3

1.1

---

---

U.33

0.52

().(,8

0.16

-.—

---

---

0.91

0.53

1.3

1) [,’j

1.3

0.76

0.73

‘j./,

0.15

1.3

2,i

L.3

1.1

~.f,

7.3

0.90

2,9

---

0.30

1.9

0.79

0.33

---

-—-

leaves -

!.:e.ssprschmidia,
mature leaves

Pooled Scaevoi.a

l$fccse?sc?lr~.ia’icl,
mature leaves

Coconut, mature

leaves

3

:,
&

5

u

Coconut, “[rult”

Coconut, nlcaL

Coconut, mitka

Rzrlclant(s,matu~-e

leaves

Pamkrms, green

fl-lliL

Papaya, mature

leaves

Papaya, fruiu

i\readfruiL, maLurc

leaves

BrearifruIL,
mature frull

l~anana, mature

leaves

Squash, whole

j,lant

Squasil, seeds

I
1

:,

1

1

.:
1

Ln pCi/nli WC*L weij;l~L wlILch, [or cal.culaLlorl of thea Coconut milk was !mcasureci and repoL-Lr!cl

I concentration facLor, was assumed to c(iual pC1/~, wet \JC!ighL. ‘i%us , the concentuaLion faCtoL’

for coconut milk LS in (pCi/g wet weigllt)/(pCi/~ d~-y soil).

II
No data.
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Table 3. Soil-to-plant uptake of
239,240

Pu from
the same location.

Species, Organ

Scat: vo i a,
[ma~urcleaves

b!2:;sezsckr7;itii0,
maLure leaves

Pooled Sca2voZC7

i!es:;e rschr~ridio,
IWflureleaves

Coconllt,

mature leaves

iJ’7rKk7)?us,

mature le.Ives

Papaya,

mature leaves

Papaya, fruiL

Breadfruit,

lll<lLu1-e leaVeS

Uan:ll]a ,
nl.lLurC ]C,avc!+

‘1
No daLa

&

No. Of
sJn1pl12s

2

Concentration Factor, (pCi/~

F[iIIIR<UIH )Iaxlmum

a

0.024 0.11

Nedlan

o.oof17

0.067

plants and soils sampled at

cir,;plant)/(pCi/g drv SOI1)
~[,o

Pu

No. of
S.]mples

1

2

Ninimum

.-.

0.045

Fled i an

0.0051

0.0s1

3 0.0047 0.11 0.024 3 0.0051 o,~~ 0.045

4 0!010 0.022 0.015 4 0.0113 0.021 0.015

4 0.0044 0.030 0 016 [, 0.0043 0.015 0.014

4 0.0013 ().037 0.037 4 0.0053 0.041 0.026

2 0.0013 0.0021 0.0017 ? 0.0013 0.0023 0.0018

2 0.0063 0.019 0.013 2 0.0213 0.062 0.042

2 0.0011 0.00J4 0.0036 2 0.0018 0.0066 0.0042

Tab l.e 9. SoiL-ma~urc ].eaf colncentratioll factors calcula~ed from assoclatecla
b data.anti unassoc-iated

(:O1>CPnLrtlL~on l:<]r Lor, (IIC1/K t!rv p}anL)/(pCi/p, dry .;oil)

!l?sOCi.lLL![l unassociaLc,(l

N{). of NO oi
N(1[IlCIQ,s,>ec~e:; Sdmp]es )11lnlm~jnl}1’1xLGILIITI blcrl1.111 S:lllll)11.2s Min Lmum

90
S1-,SCUCUOLG ~ lJ.~14 (),41 0.33 4 0.048

90
Sr-,Cl>COIIU L ? 0.099 0.38 0.16 15 0.041

137CS
7(:QC,.IoI(j.,.- 2 1.3 1[, 7.5 (, 0.073

137[:s
, c[>collul- 8 1.1 L6 3.0 15 0.53

239
1’U> COCO IIUL 4 0.o11 0.022 0.015 12 0.0036

2413i,”
, CO C[)IILIL 4 0011 ().021 0.015 1:2 0.0021

:1
Pl,ln L and soJl data sampled from ll)e s.amc site,

b
l’lan L and Soi ] daL;l sampled frolr dlffcl-c[lt:;l:es In LIIP same EC IICI-3] J1-c!a.
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Mclxl mum

4.3

0.74

39

18

0.14

0.15

Nerlian

1.8

0.29

7.7

2.6

0.016

0.016

_ _.. . _-—.~—.
.-



II
WI Because the range of concentration several reasons e:iplain the.varia-

1 factors in only two combinations oi tion of concentration factors calcLl–

nuclide, plant part, and species CVOJ1 lated from dssociatecl plant aIT.dsoil

the associated soil-plant data (pooled dara, including differences in the

:1 .5caeu31.t~-~!css~:~’sctunicli:lleaves for pl~ysior-hemical properties of Lhe
137 2391,L,)

IUt Cs a[ld papaya leaves for radionucl.ccles
a:

I var~ed by more than a factor of 2(! soil type and

!!
“t (Table 10), we use the median concen- tics, in soil
.,

)
-! tration factors derived from tl~e in irrigation
,.(

under coI~,:‘.deration, in

chenllcal characteris-

man,agement practices,

practices, and in the

I associated clata in our predictive physiology, age, and prior history of

j
model the plants sampled. lt is impossible

(

I
.1

.1
I
t
1

I

Table 10. F[aximLlm-to–Illinimulllratios of associated soil.–plant concentration
factors,

.— ———— .

Species, Organ
90

Sr
—— —- ———..—— -.

&aevola, mature I.e<aves L.7

l%ssc?Y’scl??r?idic[,
In:ltureI@clves 1..8

I’oolecl$caevolu dIId

k f;scy’schr)/~(Z-i.!z, IIIa ture

leaves 3.6

%7tdmL1S> 111:1(”(11:(? leaves 3.3

coconut, matL1rc 112:1VCS 3.8

Coconut, “I_rLijL”t) ~ 7.2

I’apayd , mature leaves 6.5

Papaya, [rui.t 7.4

Banana, mature leaves 2.3

J)reaclfrui.t,m:]L~!re leaves 1..7

—

FlaxiIl]Lll]\–to–Ffinj.TllL]mRatio
137C5 2391,,, ~40

Pu
__——.—— .— —...—.—

1.0
.1

——— —--

23 4.9 2.6

:~9
23 2.(I

8.4 6.9 3.6

1 f, 2.1 1..9

2.6 ———

20 30 7.9

9.5 1.7 1.8

1.6 3.2 3.8

3.0 3.0 2,9

—-——..—. ..——.——

a
Not Clctected.

b
“Fruit” -iacl.lldesbot{~ IIICaL ant! mj.ik.

-24-

1.



to identify the specific cause of each

variation but the variation can be

reduced by carefully controlling

sampling techniques and by increasin:

the number of samples.

Where fl-uiL data are unavallabl,e,

COIICentratlOIl factors Calculated frOILl

mature leaf data are used as ti)e

basis for predicting concentrations

of radionuclides in food available

to tilereturning Bikini population.

Mature leaf concentration factors

in conjunction with correlations

between various species a~d between

leaves and fruit of the same spec.i.es

enable us to predic~ concentrations

in fruit from measured concentra-

tions in leaves of indicator or

We only report concentration

factors for
90

Sr,
137

Cs, and
‘239,~f,()

Pu. As predicted frmn previous

studies, the most effectively trans-

ferred radionucl.i.clein the terres~r].al.

137 9osr
environment is Cs,altl~ougll

;.s often present in larger quantities

in L1)C soil. of the atoll. This is

pdrtly explai.ncd by t-hedifferently].

90
so].ubiiiLies of Sr and ‘37CS j.n

soil. Strontium-90 appears to be

tied up as insoluble carbonates i.n

the atoll. soil and is thus less availa-

ble to the plant. Cesium-137 is

more soluble in the nonclay atoll
137

soil; thus Cs is more easily

leached thro~lgh the soil. Al ~hOU~h

137
Cs is Ieacl]ed tl~rough the soil at

-25-

9osr
a faster rate than ,

137
Cs is

also re~~[!ilyabsorbed and accumulated

in organifiecl soil horizons where

there is a proliferation of plant

l-oots and littel-. ‘lllisaccumulation
137

of Cs in organifiecl soil horizons

9osr
renders it more available than

for uptake in plants.

The. concentration factors discussed

in the subsequent paragraphs generally

reflect this relationship between the
90 137cs

uptake of Sr and . For Panda-

nus, coconut, Seaevola, and Messer-

schmidia leaves and for the fruit of

all species, low concentration factors
90

are observed for Sr as compared to

137cq
,., However, leaves of papaya,

banana, and breadfruit show concentra–
90

tion factors for Sr as hi~h or

hi~hcr than those for
137

Cs . Concen–

239,240
Lration factors for Pu are

general.ly 1.0 to 100 times lower than

those for eitl~er
90 137

Sr or Cs.

Although they are of~en measured in

60 241.P,, 2(,1
soil, co, and Am are only>

occasionally detected J.n vegetation.

For this reason, we did not ralculate

concentration factors for tl~ese three

nucl ides.

Tn tl~efollot~ing secLions, we

discuss t.l~especific concentration

factors assi~ned to each species.
..

Concentration facLors arc a~si~ed

solely on the basj.s of the median

ca].cu].a~eclconccnLration fac~ors

except [or coconut and for pooled

Scaevoh and Mes.sePscBhn!i<liclleaves.

_,.v%*-,*<* -.. ,---
,. ,,.,, ---- ---ayv ,
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FOI- these last two cases, we had

enoush samples to justify analysis by

linear regression methods. Thus, the

regression results arc compared with

the median COllCeIltra~iO1lfacLol” and a

repre’s~n~a~i~~ v~~~e is C}]osen fOr

our models. ‘~he relationships between

the relative uptake of different

species are considered in a separate

section on concentration ratios.

coconut. Coconut i.s the most

abundant species on Bikini. and Encu

Islands and thus it was samplecl more

extensively than any other p].ant in

the 1975 survey. Unfortunately, fev7

coconut trees were bearing fruit so

the bulk of tl~ese samples are leaves.

Regression analysis comparing mature

coconut leaves ancl soi..lsamp~ed from

t.t)csame location shows correlat.i.ons

thdL are significant at the 0.1. [.0

0.05 level. for
90

Sr, at the 0.005

level for
137

Cs, and at Lllc 0.1 level.

for
239, 240

PO (Figs. 5-7). Comb i nlng

tilel-csul.tsof Lllis rcgressioil an:lly-

sis with the median calcula~ed conccn-

LraLion facLors (’r’ab].e 11.), wc o!>tain

final Concelll:ration factors [01- mature

90
cocontlt leaves of 0.16 for Sr, 3.0
for 137C5 239,240

, and o. 015 for Pu .

concentrations in bc)th coconuL

milk and coconut ment wet-c analyzed

for the two samples from Bi.ki,li. hltlc11

compared On a wet/wcL Or a dry/dry

b:lSiS, there are no definitive pat-

Lerns in I_hc!raclionuclIdc!concelILra-

L ions of md.lL al]d ri”l.k taken from LIIC

26-

>’<
same “Location: Because the 1972

~llelJctcl~data stlow no consistent di[–

ferences in t.lleLIpta’I(eof
90

Sr and

137
Cs by coc.onLItmilk and meat, the

90$1. ~,,lci 137
Cs concentrations in fres}l

coconLIL meat and fresh COCOnLIt milk

are assumed to be equal.. TIIe concew

tration factors from Lhe Bikini data

(Table JL) are within the range of
1

those from the Enewetak survey, so

until more conclusive data are avail-

able, we have assigned a conservative

concentration factor of 0.024 for

90 137
Sr and 2.5 for Cs tO both COCO-

nut meat and milk.

PandaTIus -- AlthouglI the number of_ —.

samp].es of rnatul-ePczn&Inus 1C<aves is

lnsuff ’icient for sLatj.sE ical ana~ysi.sj

Lhc conccntl-a~-ion factors cal.cul.ated

from asso(:iated leaf-soij data for

Bikin i.are wi-thin the range of those

froin Enewetak.
1.

‘L’llcmedian colncenLra--

90
Lion factors of 0.91 for’ S1- and 15.2

for 1.37
Cs al-c assi~ll(!d LO mature ]Jan-

dam.{:; 1caves . ‘t’heconccrlLt”.aLion fac-

tor calculated [or Llleon12 green jJczn_

~lcznusfruit avail.alrlefrom the 13ikini

stlrvcy (0.50 for 90Sr- and 5.4 f’or

137
Cs) is comparable to values from

previo[]s surveys and Lllcrefore, we

~~~o~]owing the example of the Ene–

wetak survey, 1.results are gi.vcn i.n .
wet weight for coconuL milk and in

dry weight for coconut meat; coconut

milk is assumecl to be 95,Zwater and
coconut meat is assumed to be 50%

water.

—,.. --- ., .—. ...,,, . ..—...



Table 11. Comparison of soil–root and soil–leaf concentrate.on factors.

species

—..—

F2zmlanus

Coconut

Banana

.1
Root ancl crown

-. — _.

Concentration F+ctorj (p~i\g dry @ant)/(pCi/q dry soil)__—— ———

9osr
...—.—

Roots I-caves

0.88 1.0

0.77 l.z

0.59 o.L+~

0.1.6 0.11

0.89
b---

0.30 0.30

0.89 ———

0.42a 1.10

.——

h
Below minimum clel.ectionlimit.

consider i.tto be a va].id sample allcl

hflve uscci it in our dose preclicLions.

}lrcaclf)-~)iL — Rreaclfruit were not

avai.1.ableon lincwcLak ,jLoll. “I’hLJS ,

da to from the two sarnpl.es roll ec(.ed

(lurLnX the 1975 Bikini survey provide

Llle first directly nleasured concen-

LraLion factors. L\s expected from Lllc

1972 Ihi.kinisurvey
16

ancl from tllc s[-(a–

Me cl.ernentanalysis of potassl.um and

1.37
Cs

239,240PU
—— ._. —-.—

Roots

23

26.1

33

3.4

16

5.7

5.0

0.026

Leaves

17

2.9

50

2.3

0.89

1.1

———

0.54

Roots

0.44

0.45

0.44

0.085

0.11

0.081

0.38

0.027

I,eaves

0.015

0.022

0.35

—-—

———

———

0.006

j-l-uit s=]ri)pled fl-om Cllis species al-e

0.76 fOr
90

Sr and 7.0 for
137C,,

Papaya — The ratio of nh2xinl(lnhto–—

minimum concentration fart-ors calcu–

l.atc(lfor nlat-~lrepapay<a leaves is

sn].1~1.;medidn conccntraLion factors

9osr
<ICC .1.3 fOl” , 3.1 [or ‘37CS, and

0.0018 for
239, 2401,,,,

Concentration

factors of 0.~;3 fol-
90

S1-, 8.2 for
137CS 239,240

, :IIIC1 0 .001.8 [or PLIare

1
c.llcionlin LllelZnewetak survey, llptakc calcula~ec] fol- Lhe [our papaya fruit
,,f 90

Sr and
137

Cs l~y breadfruit is available.

I1;.sI1 and compar~lble to uptake by 12ctr~- Barrana — ‘Theolnly clata from the

da 77Li,S I’rel.iminaryconcentration fac- 1.975 Bikini survey on radionuclidc

90 1.37CS
Lors of 1 .8 for Sr, 1.6 for , , col~centrations i.nbanana are for

239, 240
nl]cl 0.027 for Pu al-c assigned mature leaves. The cwo available

Lo mature l>readCrL]it leaves . rrh(: COl~- Samples sl~zgest- Ecntative co~qCCntra–

(’cntratjon fc~ctor.s for the one n)atlll”e
90

tion factors of 0.73 for Sr, fj.4z

-27-
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for 137
Cs, and O

in mature banana

data for banana

0039 for

leaves .

ruit and

239, 2401, u

Unpublished

soil s:+mp].es

from the same area collected in the

.L972 Bikini. survey yield concentration

factors of < 0.058 fOr 90
Sr and

<0.00028 for
239, 240PU 1.7

BecaLlse no

data are currently available for con-

137
centration factors for Cs in bana-

nas, we have assigned the conservative

137
va].ue of the Cs concentration fac–

tor in mature banana leaves Lo banana

fruit.

Messerschvid<u and” ScaevoZa — As

L
disc~lsscd in t17e Enewetak survey, the

data from these two indicator plai2ts

show a significant correlation between

l.cav~s and soil on both an individual

and a pooled b:~si.s. The numbey of

samples from the Biki.nl s(lrvey does

not I’Jal-l-alltind~viduaL statistical

ilIlaly.Si S Of tile SC Spe C.ie.S. liowever ,

the pooled ciata show a correlation

between leaves .lnd soil. that is si~ni-

90
ficant at Ll)e0.1 level [or Sr

(17i8. 8) but is not sigmjficant for
1.37

us (Fig. 9). Cesillin-137 does show

a significant correlation between

leaves and soil in the Enewetak

l-esU]Es ancl probab].y woulri (lo so for

Bikini if tl]enumber of samp.]es were

I.argcr. Based on the median calcu-

lated concentration factors ancl on El]e

resolts of the regression analysis,

concentration factors of (3.49 for
90

Sr, 3.7 for
1.31cr

.,, ancl 0.035 for

-28-
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239,2!40
PLIwere assigned to mature

.5’CSZVDICIand !...sL.. ‘- a leaves.1“.’“““,’$.’:2::;(2’”;

SqLl~Sh – OnL\ sainple of summer

squ,lsl] and its seeds was available

fl-om the 1975 survey. T]}is is the

f“irst time measu~-eclYadioiluclide coil–

centl”dt ions in sarden vegetables from

];ikini Atoll have been available.

90 ! 37
Squash ~)ptake of Sr and Cs is

~z-eater than that 0[ any ocher plant

sampled . Other workers also have
137CS

observed high concentrations of

in garden vegetables as compareci to

concentrations in other edible and

7
indicator plants. I.ynch {?tal. notes

137
Lhat in field stllciies,the Cs con-

centration in lettuce .Leaves is an

orc[er of ma~nitucle greatrl- ti~an the

concentra~ions measured in other e~ii–

b].eportions of food l)lants. Ill l.]bo-

ra~ory cxj)el-impnts to cieLermlne LiIe
137

uptai{e of Cs by squash, Walker

ct.,IL. 7:eporL
137

Cs conccntl-ations in

squasl] that are i~igl~erthan tl]ose

measured i.nPlessei’sc17)77~d7~a, SCUCVOL2,

anti R2ndanus grown ill tile same Ron Se-

lap Atoll soil.
J.8

However, from

bJa.Lkerrsexperiments it appears that

with the application of fcrtillzer,

the concentrations i.n scluash can be

rcciuc.edLo levels compal-ai]leto those

found l.nother eciLl]lepl.anLs

Concentration Ratios

Radionuclicles that a]-c taken up

I“ronlthe soil tllroll[;hroo~s are ciLiler

rctailled in Ehe roots or Lranspor[c(i

.,--— . . . .... . .
j
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to the above ground plant organs. At

Bikini,
90

the concentrations of Sr in

the above ground plant organs of a

species are comparable to the concen-

trations retained in the roots of that

species. However, concentrations of
137

Cs and
~39,240

Pu are ].ower in the

above-ground plant organs thao in roots

(Table 11). In addition, there are

differences in uptake among the vari-

ous aboveground plant organs. Within

any one species, concentrations of

90
Sr and

239,240
Pu are generally

smaller in edible plant parts (e.g. ,

fruit) than in nonedible organs (e.g.,

leaves); the opposite is t~-ue for

137
Cs (Table 12).

Because leaves al-emore often

available fol-sampl.lrrg than are fruit,

we developed fr[l.ic-Leafconcentration

ratios to al~ow p~-ediction of ~-adio–

nuclide concentrations in fruit from

those measured in leaves of the same

species (Table 13). The small number

of samples makes it impossible to

statistically evaluate these ratios;

we will do this as more data become

.avail.ab.Lc:. !/e also calculated leaf-

]eaf and fl”UiE-fl”LliL Concerltration

ratios between different species for

Table 12. Summary of mcdiall soi].–plan[ concentl-atiorl facLors.

——— ——__ . _— .———

Ck>ncentration Factor, (~i/~ dry lplanL)/(pCi/g dry soiL)

Mature
Species Lcaves

PooL(?cI~CCK?VU?.O &
.

/46’s se Y’SCI1)IIZX’I;(Z 0.48

Cr)conll L 0.16

I%?’ 1fl(kl}’1 Ll,S 0.’31

Papaya 1.00

l;readfr~lj~ 1.80

Bdnana 0.73

squash 3.40C

————.

<1
Not dcLecteci.

90,...-.,,, L

l:rllit
. .——.—...—

a———

0.024

0.50

(),43

0.76

o.058b

o.15d

137
Cs

2’39,240
Pu——

F1.ltu L-e

I,caves

3.7

3.0

15.0

3.1.

1.6

(),/,2

26.0(:

Fklcul-c

~ruiL I,eaves ~I”LIiL

0.035 ---

~.y 0.015 ---

5.4 --- ———

:1.2 0.016 0.002

7.0 0.027 ---

——— 0.004 0.0003”

56.0d --- ——-

C
\Jlloleplant,

d
Seeds.

-29-
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Table U. Fruit-leaf concentration ratios.

—.—. .—-— .——.—

Concentration,

Species N~l~lid~ Fruit
—

Rz?dm,!s 90s,. [boa

137CS
2.7

90
Breadfruit s r 61.

137c5
384

Coconut
“fruit”

9osr
0.79

.,

.1

.:
.’

c.,

Coconut
90s,.

meat/milk

1.37
Cs

Papaya
90$,.

1.9
137

Cs 60

14

5 i,

0.41/0.1s

76/9.3

IS

‘22<7

49

47

8651]

1 60a

~~~

303

239,2401,L[
0. 01.4’)

0.0021

.—. — .—. ..— —————

Crccn fruit.

Fallc.n fruit.

Based o[l all. available data.

1.37
c s

— ——

Plallul”c I>eav[’s
—..——

s

146

190

132

12

2.9

7.1

9.?

15

1,7

24

~61+

‘2’2

191

221

1.s9

156

i+~

69

0.049

0.067

Fruit/I.eaf

Concentratio]l
Ratio

0.5(!

0.02

0.33

3.00

0.06C

4. Ooc

0.33

3.00

5.00

0.03

———.. .—-..-.. ———_ ___
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preclictinn 01 concentration in fruit

of one species from those In fruit or

leaves of another species. These

I“atlos show that distribution patterns

fo~- each nuclide are consistent wi~hin

a particular species. However, we

must remember that t17e importance of

the contl-ibution of each nuc]icle to

the internal dose to man val-ies wj.th

different species.

The fruit-fruit ant! fruit-leaf

concentration ratios are calcdated

from a comparison of the concentration

factors of three planL groups (plants

within each groul) vJere sampled from

Lhc same genera]. locaLi.on) and frOlll

comparisons of Lhe median concentl-a–

tion ratios of all associated planL-

soil samples (Table 1~1) . <~nalysis 0[

tile concentration ratios for mature

lc,av~s and fcrIJjt .sug[:ests Ll)at some

specirs roncrnt.rate a :iven nLIClide

to a m[]c]) ~l”c’:l~er ex[”ent LhoII do

o~hers (’[’nbles15-19). FOL- 90S1- in

mature leaves, the concentration de–

creases i.n the order: breadfruit and

Summary

‘rhe I-adionucl.i.deconcenl.ration in

SLII-faCe soil Salllples (O LO 15 cm)

varies ~rcatly ~hYOLl~hOLlt both Bikini

and Eneu I.sl.ands. 1)1add it.ion to the

inhon]o~cneity observed iu surface

soil c(>llcr]ltl-:l[:iolls,profile daLa

jnclicatc Lllat raclionuc]JC[Cconccn-

Uriltioll ,1s a fuI,ctIon of soil. depth

is qLJiLc var-]able. (ln some cases,

papaya b paiida;l~!s and banana > Nessew

,schv-ia’ia and Sc,TQVok Y coconut

(rI’ables15 and 18). These results

10
agree with those of Nelander.

The relative uptake 01
1.37

Cs b>’ the

various species differs slightly from
90

that of Sr. ~o,. 137 Cs in mature

leaves, tl)e concentration appears to

decrease with PC1#L-!FZUS> JSCaQVO~O ~

fllessc~’schmiciia, coconut, and papaya ~

breadfruit ~ banana. A comparison of

137
Cs uptake by I“rujt yields the

pattern: papaya > %ndarlus and

breadfr(lit ~ coconut (’~ablCS 16 and

19) . The clata for the uptake of
239>240

1’u by matuI-c leaves are nl(Icl~

90
mol-e ]inli~ed tl)an d,ILa fCll- Sr and

1.37C5
-, but prelin]illary rcsul.ts s~lg–

&es’L: ~~lP~~e]9s/;~~):,~L~7;a> breadfrui’c j

.Duncklw.s and coconLIL > papaya >

,$caevola and banana (see Table 1.7).

I\] L]loi]gh Ilo concenLraLioII rJL ios <al-c

90
Cil~CLllCl~CCl , L]lc UP LLlk C of Sl” and

137
Cs by Ullf’CKLi~;.ZC’d SUll)lllL’L-SqLIJSh

exceeds thriL 0[ all OLIICI- edible

13]. aIILs sanlp led.

and Conclusions

Lhe concelltrltiol) aL depLhs <is gl”e:)L

os 1’z?O cm exceeds LI)oL in Lhc’ top

~..~ Cm.) As a res(]l L of L!lc vari-

abili~y ill surf.lue soi 1 concentrations

wiLh ].OCatiOll :111{1With dcp[-]l, cOncltl-

SLOrlS l-C~al-CliI)gd(~+[’l-Cd[lCtiOllVia

so ii removal mL]sL l)e cxercisrc! witl~

LJrcat care. It IS I)C:lL-I>J LJll])OSSiblC

t-o genera]j.ze aboL}[: rumcdio] meas(lrc’s
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Table 14. Associated soil–plant concentration factors for plant species
sampled from the same loca[”ion.

—— — — -——..——— —-.

Concentration Factor ~(pCi/g d<y ~lant)/(vCi/g dry soil)

Species, Organ
90~r 137CS 239,2401,L,

—.—.—— — ————.——.—.—.

Group la

Papaya, mature leaves 1.6 3.9 0.012

Papaya, mature leaves 0.62 5.9 0.037

Papaya, mature leaves 0.94 0.30 0.0051

Papaya, mature leaves 4.() 29 0.027

Banana, mature leaves 0.48 0.33 0.0017

Banana, mature leaves 1.1 0.41 0.0060

Group 2b

Breadfruit, mature .Lenves ‘2.3 2.4 0.063

Pandanus, mature leaves 1..2 2.9 0.02?

Mcsserschmid-ia, Ill:ltllreleaves 0.48 87 0.035

fi~esse~schnidta, mature leaves 0.52 3.7
d———

Scaevola, ma ELlt-e l.LJaves 0.24 1.3 0.0049

ScaevoZa, mature Ie.lves 0.4:1 1[, ———

Breadfruit, f,r~li~ 0.76 7.0 -——

Panckmus, ~reen fruit 0.53 5.4 -.—

.7cQQvo7a, frl) it 0.1.4 J..4 0.00096

G1-ouy 3C.—___ _

Scae vo Za, mature leaves 4.3 39 o.02~+

coconut, mature l.caves 0.67 L4 0.026

Coconut, mature leaves 0.27 ?.3 0.020

——.— —.—...

a Group 1 includes samples ‘1’0010, TO030, TO040, TOOSO, TO060, TO070.

b
Group 2 inc].udes samples TO090, ‘1’0100, TO11O, ‘101.20, and T0130.

c Group 3 includes samples TO1.50 and TOL60.

d
Not detected.

I
I
I

.:
I -,.
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Table 15. Strontium-90 leaf-leaf concenLrotion ratios

Leaf-Lea[ Concentration RaLi.o—— ____

Bread-

fruit Papaya
—

PamkwusSpecies Coconu L
—

12

8.0

6.0

4.4

3.2

2.0

1.0

Breadfruit

Papaya

Pmzdam4s

Banana

Messersekriidia

Scaevola

Coconut

-—.

1.0

0.66

0.50

0.40

0.29

0.17

0.08

1.5

1.0

0.77

0.59

0.40

0.25

0.12

2.0

1.3

1.0

0.77

0.56

0.33

0.17

2.5 3.5 6.0

1.7’ 2.5 4.0

1.3 1.9 3.0

1.0 1.4 2.2

0.71 1.0 1.6

0.45 0.63 1.0

0.23 0.31 0.50

— ——

‘]’al].le16. Cesium-137 leaf–leaf concentration ratios.

T,eaf–J.,eafConcentration Ratj=o

Mes ser- Bread-

R2nadanus ScaevoZna schmidia Coconut Papaycl fruit Banana
.-.-..———. —

Species

Pczndanus

,?caevola

J4C,SSE?PSCh[it~d

[;oconut

l’apaya

Bz-eadfruj.E

Banana

1..0 2.0

0.50 1.0

0.25 0.50

0.20 0.40

0.20 0.40

0.10 0.20

0.0’3 0.06

—. ——

/,.() 5.0 5.0 10.0 35

2.() 2.5 2.5 5.0 18

1.() 1.3 1.3 2.4 8.8

().80 S.O 1.0 2.0 7.0

0.80 1.0 1.0 2.0 7.5

0.40 0.50 0.50 1.0 3.8

0.12 ().1/, 0.13 0.26 1.0

.—.—

clean soil, thus shielding the deeper

conl_aminateclsoil.. There would also be

very little iii~pacL upon uptake by

plants because Lllesoil concentration

is essentially identical through the

root zone up Lo cleptllsof 40 cm.

However, there are other areas on

Bikini Tsland, (Appendices A and B,

‘la,

—

entail.i.ng soil removal without fiL-sL

detailin~ the area and pathways that

wi].1 he involved.

For example, the soil profile data

(Appendices A and B) for Eneu and for

some areas on Bi.ki.niindicate that re–

moval of the top 10 cmof soil should do

very l.iLtle to reduce gamma exposure

I

unless the removed soil is replaced with locations 501, 502, 503, and 504,

-33-



“rablc! 17. }JLut~lli~llll–~39,240 ].e:lf-le~lfconcclltr~tiOn ratios.

I
I

.,
I

I

I

., .7.

/ /(?,SS(>l]s’,--li!,>j~,flz~~ 1.0 4.5 10 15

Breadfruit
a

0.22 1.0 2.2 3.3

Papa y.1 0.10 ().45 1.0 1.5

:;(X,CU,,L(?L) 0.07 0.30 0.67 1.0

.—. .——____ .—

1,,
Also inclucies ParL&znus ancl coconut.

b
Al.<so incl~iclesbanana .

Table S8, Strontium-90 fruit-fruit concentratiorr rclLios.

——

FruiE-Frui.t Concentration Ratios...—______ ._ - ———.— —. .———

Species i;rcadfr~l-it w’ldmis<’ Coconut
——— —

lll-eadfruL~ 1.0 1..5 3.0

Pun da n L!s
a

0.67 1.0 2.0

(;[>co[l~l L 0.33 0.50 1.0

‘[able 19. Cesium-1 ]7 fr(lit–[l”ui.tcc)ll(:e[lt]”:lti(>llraLios.

.—— ——.—.. ———. ——.—— .

]71-uiL-~rulL Cone.enLraLi.on [\aLio

Species l’:lpay;l i3read fruit kl)’lcicML(S Coconut
...— —_._.._.__.._ ._._______ -

Pap;1yn 1.0 1.3 1.6 3.2

Brcadfrui L 0.?5 1.0 1.4 2.8

!’rJn{JC);Zl(:; 0.63 0.71 1.. () 2.0

~ocollu” L 0.30 0.36 0..50 1.0

—. .. ————.-———
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respectively) where removal of the

top 10 Cm of soil would reduce SOIL

concentrations by approximately five-

f(nld. This of course would I-es(llt

in recluced external exposure .]ncl

reduced uptake in plants grown in

such ~l-PtlS.

Although considerable variation in

soil radionuclide concentration is

observed on both islands, the soil

concentrations on Bikini Island are

approximately ten times tl]ose on Eneu

Island . In addition, the relative

radionuclide soil concentrations are

very consistent; concentrations of

90
Sr and

13J
Cs are ten to twenty times

239,240PU and
greater than those of
241

Am which, in turn, are two to three
60

times greater than Co concentrations

Thereforej generalizations can safely

bc made from the soil daLa to the

effect that inhabi.talltson l~iki.l~j

lsl.<lndwill be 12xposccI to l)igl]er dc)ses

L]Ian Lhose on IIneu Ls1.aIIcl. Also, 017

botl] i.sl.ands,
90

Sr :)ncl
137

CS al-e Lhe

radir)nucl.i.cles of primary importance.

In the past, concentrations in

te~-restr~al [OOCISLUCI”S at Bikini ALOLJ

have been preclicLed from soil concen-

Lrat~.ons measurecl In the field and

from concentrate.on factors taken from

tl]e l.lteraturc. This approach was

adopted because vegetation samp].ing

prof<rams were limited in the early

SL1l-V(?yS. However, the terrestrj.al

samp].ing program of tl]e L975 Bikini

s~]rvcy inc]udecl suf’~i.ci.enL ve~CEaLioll

samples to allow preliminary predic–

tion of concentr.ltions in nearly all

components of tl~epostulated Bikini

clieL. These pl-edic~ed concentrations

arc based on soil–pLant concentration

[Clctol-s and on fl-L[it–leaf, leaf–leaf,

or fruit-fruit concentration ratios

calculated from tl]e 1975 f-ielcldata.

The predicted concentrations compare

favorably with tl~eavailable measured

concentrations. A more exLcnsive

survey Of Bikini Atoll with larger

sample sizes is needed to statistically

verify tl-.esepreliminary results. I11

Lhe meantime, potential future concen-

trations in foodstuffs from Bikini can

be l~redicted from our concentration

factors if measured soil. concentrations

,lre av.lila’bl e ancl from our concentra-

tion ratios i[ otl”l.y vegetaLioll samp]es

:lre available. Estimates of the close

commi.tmenu expected from vauj.ous pro-

iectecl LLfc!styLcs from otil’ prc>dicLed

concentrations are reported in Part 5
9

of this report scri.es.

The predominant nuclides in the
90

terrestrial foodchain are Sr and

.L37
Cs, followed by

239>240
Pu, ancl will

constitute the major internal dose tO

man from this pathway. In general,
137

within a given specj.es, Cs uptake

by fruit and leaves is one order of

90
magnitude greater than Sr uptake

239,240PU
which, in turn, exceeds

uptake by one to two orclers of mag-

niLude. Uptake by maLul”e ~.eaves of

papaya, banana, and breadfrui~ varies

. ..35-
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slightly from this general pattern; in uptake by fruit exceeds uptake bv mature

these cases, the measured upta!ce of leaves by a factor of twO tO five.

90
Sr is equal to that of

137cs
How- A comparison of the uptake Of

ever, 90more samples are needed to ver- Sr, 137Cs ~ 239,2401,USllo[,,s~l,clt.an> ,

ify the pervasiveness of these e:<cep– in general, the relative order of

Lions to the overall. patterns observed. uptake is: squash (high; breadfruit,
9osr 1.37CS

The distribution of , , and .P(JYLLIC1)Z1!S,

239,240
ancl papaya (intermediate) ;

Pu in fruit and leaves follows and banana ancl coconut (low). Slight

similar patterns in the various species variations occur, depending on the
90

studied. In a given species, Sr raclionuclide under consicleration. A
and 239,240

PU uptake by mature leaves is more quantitative ordering can be

two to ten times

137
fruit. The cs

this study shows

greater than that by made after greater numbers of all

uptake measured in tissues of plants are samp].eciin

a different trend; ,Cuture surveys.
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Appendix A. Soil Profiles of Bikini and Eneu Islands

The followin~ tables present the concentl-ation of eight selected radio–

60C0 90S1- 137C~ 155E.1 239p\1 2401,U 241PL1 241
nuclides ( , , ., > , > , and Am) with depth

i.n the soil profile. sample locations 011 LIIe islancls are given in Figs. 2 and

3. These data are also present-eci graphically in Appendix B.
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PROF iLZ BIKINI 503

CONCENTRATIONS IN PC1/GH, i-lINUS FOR NO DATA. i_ESS THAN SIGN INDICATES INSTRUMENTAL OETECTION LIMIT

OEPTHICfl) 27 CO 60 38 SR 90 55 Cs 137 63 EU 155 94 PU 239 99 Pu 240 9~ Pu 241 95 At-l 241 MASTER LOG

000-005 I .0M5E*O0 6.865E+GI f3.617E+OI I .39BE+O0 3.327E+O0 3.718E+O0 7,527E+O; 3.995E+O0 01052331

005-010 8 7~BE-ol I .20~EA02 7.37EiE+Ol 2.061E-01 9.770E-01 1 .229E+O0 2.556E+O\ 1 .\64E+O0 o\05?43~

010-0?0 1 ~26E-ol 7.036E+OI S.71’2E+O0 V4 423E–02 1.212E-01 I .+66E-01 2.700E+O0 v8.077E-02 01052571

CONCENTRATIONS iN PCI/GFi.

DEPTH[Ci-11 27 CO 60 38 SR 90

000-005 +, IOOE+OO 2.208E+02

005-010 3.9~2E+O0 2.458E+02

010-020 3. 18aE-ol 2.826E+OI

o~o-030 ‘5.’-t6802O2 7.973E+O0

ozo-o~o v3. li~E-02

040-050 vU.31%E-02

PROFILE BIKINI 50Li

MINUS FOR NO OATA. LESS THAN SIGN

55 Cs 137 63 EU 155 99 PU 239

2.22\E+02 5.595E+O0 1 .26?E+OI

I .880E+02 5.519E+O0 1.153E+OI

2.687E+OI I .6’26E-01 6.860E-01

8.955E+O0 Y2.961E-O? 1 .236E-01

5.532E+O0 Y2 ,L173E-02

5. 198E+O0 Y3.~IOE-02

INDICATES INSTRUIIENTAL OETECTION LIMIT

99 Pu 2+0 9H Pu z~i 95 Ati 241 MASTER LOG

I .396E+OI 2.523E+02 I .~96E+ol 010~9231

1 .297E+01 2.3~5E+02 1 .435E+Oi 010+9334

7.982E-01 1 .660E+OI 6.306E-01 010+9%71

1 .593E-01 Y5,721E-02 010~9572

YQ.291E-02 01049673

Y5.550E-OZ olo4977~
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CONCENTRATIONS IN PC1/GM,

D:pTH[cM) 27 co 50 38 5R 90

000-005 I .996E+O0 1. 157E+02

005-0!0 1.142E+O0 I .000E+02

o\~-~po [.918E+O0 1 ,226E+02

(!20-030 Y2’.893E-O2 4. lHeE+oo

030-040 Y2.55!E-02

o~o-050 ~1 .698:-02

CONCENTRATIONS :N PC1/GP!.

DEPTHICfl) 27 CO 60 38 SR 90

000-005 2.672E+O0 I 937E+02

005-010 2.360E+O0 2.193E+02

010-020 3.16LtEAO0 I ,9~OE+02

0?’3-030 1 .851E+O0 1 .585E+02

il?lo-o~o \ .501E+O0 I 529E+02

(14C!-050 I .695E+O0 1 .~?6E+c12

MINUS FOR

55 Cs 137

1 .653E+02

7.959E+Ol

6,955E+01

I .689E+O0

~.266E-01

B.275E-01

PROF I LE BIKINI 5(?5

NO OATA, LESS THAN SIGN

63 EU 155 Sv Pu 239

2,619E+O0 6. I17E+O0

I .559E+O0 5.369E+O0

2.973E+O0 7. 162E+O0

Y2.291E-02 7.q28E+O0

VI .949E-02

Y4.015E-02

INDICATES INSTRUMENTAL DETECTION LJflIT

g~ Pu 240 9+ Pu 2’+1 95 Afl 2%1 tlASTER LOG

6.766E+O0 1 .256E+02 6.590E+O0 01053431

5.B78E+O0 1 .$27E+02 4,559E+O0 01053534

7.793E+O0 2.045E+02 7,532E+O0 01053671

8.171E+O0 I .~82E+02 y~. 132E-02 01053772

v3.~36E-02 01053873

v6.O~lE-02 0105397%

PROFILE 6[KIN[ 506

MiNus FOR NO DATA, LESS THAN SIGN It4DlcATEs It4sTRuME14TAL DETECTION LIMIT

55 Cs 137 63 EU 155 94 PU 239 9% Pu 240 9+ Pu 241 95 API 241 MASTER LOG

I .295E+02 3.092E+O0 6.842E+O0 7.55QE+O0 1 .I+94E+02 7,671E+O0 01055631

I .3E!8E+02 2.805E+O0 7.293E+O0 8.027E+O0 I .969E+02 7,293E+O0 01055734

I .69~E+02 3.525E+O0 6.6’-toE+oo 7.360E+O0 1 ,555E+02 9.707E+O0 O1O5587I

9.8! \E+O) 2.016E+O0 5.\76E+O0 5.7\2E+O0 1 .030E+02 9.883E+O0 01055972

5.995E+OI 2. i02E+O0 5.063E+O0 5.595E+O0 1, 120E+02 5.928E+O0 01056073

8.899E+OI 1 .988E+O0 1+.522E+O0 5.113E+O0 9.288E+01 4,870E+O0 01056174

r

050-060 2.452E-01 6.311E+OI 9.91SE+O0 i.31~E-01 9. 178E-01 ~.694E-01 1 .058E+01 5.378E-01 01056275
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PROFILE BIKINI 507

CONCENTRATIONS IN PCl)Gbl, MINuS FOR NO DATA. LESS THAN SIGN INOICATES INSTRUMENTAL DETECTION LIMIT

DEPTH(cFl) 27 co 60 38 SR 50 ~~ Cs !37 63 Eu 155 94 Pu 239 9% Pu 2~o 94 Pu 241 95 AM 241 MASTER LOG

000-005 3 411E+oo Z’.68IE*O2 I .337E+02 4 358E+O0 I .000E+OI I .086E+01 1 .960E+02 1.151E+01 01050331

005-010 I ,593E+O0 1 .687E+02 8 410E+OI 1 .B4!2E+O0 ~.368E+O0 4.730E+O0 8.951E+Ol 4.554E+O0 olo50~3~

010-0?0 !.180E-01 i.82~E+Ol ?,. !~9E+O! ‘~. 153E-02 2. 189E-01 Z’.571E-OI I .836E-01 01050571

020-030 Y3,@06E-02 8.901E-01 3.829E+L30 ~3. 120E-02 v5.239E-02 0105067?

CONCENTRATIONS IN PCIIG’1,

DEP7H(CM) 27 CO 60 39 SR !20

000-005 2.768E+O0 1 .S190E+02

095-0)0 3.582E+O0 2.3Z55+02

010-020 3.89!2E+O0 2.9795+02

020-030 5.526E+O0 4.i92E+02

03c-o\o ? !50E+O0 I .Si70E+O?

,0’90-05’2 I 673E-Oi 9.770E+OI

PROF !LE BIKINI 5C8

PI!NUS FOR NO CATJJ. LESS THAN SIGN INOICATES INSTRUMENTAL DETECTION LltlIT

55 Cs 137 53 Eu !55 9+ Pu 239 9~ Pu 240 94 Pu 291 95 AM 2hl MASTER LOG

1.!13E*02 3,~13E+oo 7.55LtE+O0 8.095E+O0 1 .~68E+02 8.730E+O0 olo51h31

! .3~4E+02 ~.273E+O0 9.5i~E+O0 i .023E+OI 1 .886E+02 I ,046E+O! olo5153~

! .3’35E+02 Q.~t50E+oo 9.802E+O0 ! ,062E+01 1 .900E+02 1.148E+OI 01051671

! ,+B9C-02 7.095E+O0 I .492E+01 ! .597E+OI 2.836E+02 1.795E+Ci 01051772

7.590E+oi 2.925E+O0 7.036E+O0 7.365E+O0 1 .359E+02 6.60~E+oo 01051873

I 122:+01 ~~ .595E-P2 2.141E-01 2.631iE-01 5.775E+O0 vf3.~77E-02 oIo5197~
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PROFILE ENEU 801

CONCENTRATIONS IN PClfGF1. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL OETECTION LIMIT

OEPTH(Cfl) 27 CO 60 38 sR 90 55 Cs 137 63 EU 155 9’i PU 239 9+ Pu 240 99 Pu 2~1 95 Atl 2~1 MASTER LOG

000-005 I .000E-01 4.L200E+O0 8.680E+O0 ! ,6?3E-01 3.2?2E-01 3.506E-01 S.770E+O0 2.783E-01 06088031

005-L?!O 6 883C-02 3.518E+O0 3.a70E+oo 7.050E-02 2. 19!E-01 2.39?E-O\ 2.321E-01 06088134

010-020 1.415E-01 5.977E+O0 9.37qE+O0 Lt.17L+E-01 8.3~7E-01 1.013E+O0 7.667E-01 06088271

020-030 6.7ZIE-O? 2.h05E+O0 B.590E-01 Y3.699E-02 \ .69+E-01 I .960E-01 1 122E-01 06088372

030-o~o +.02BE-02 E!.?45E+OC I .206C-Oi v3. 123E-02 Y5.536E-02 06088~73

PROF’ILE ENEU 802

CONCENTRATIONS IN PCIIGFI. fllNUS FOR NO OATA. LESS THAN SIGN INOICATES INSTRUMENTAL DETECTION LltfIT

oEPTH(cH] 27 CO 60 38 SR 90 55 Cs 137 63 Eu 155 9H Pu 239 99 PU 240 9% Pu 241 95 AH 241 MASTER LOG

000-005 VI .049E-02 I .376E+O0 I .389E+O0 v?.058E-02 2.55~E-02 2.933E-02 7,396E-01 w’3.750E-02 06090%31

005-010 v2.?91E-02 I .\~7E+O0 I .280E+O0 Y2.386E-02 2.053E-02 1 .977E-02 v3.769E-02 0609053~

010-020 v8.991E-03 1.031E+O0 I .236E+O0 Y2.459E-02 I .76’iE-02 I .9~9E-02 3.995E-01 Y5.2E18E-02 06090671

020-030 v3,527E-02 6.E38E-01 2.068E+O0 v5,450E-02 6,005E-02 6.8\2E-02 1 .359E+O0 Y9.734E-02 06090772

030-040 7.2~3E-02 9.779E-01 2.668E+O0 v5.842E-02 I 198E-01 I .388E-01 Y9.838E-02 06090873

I



1,1

CONCENTRATIONS IN PCIIGM.

DEPTHICM) 27 co 60 38 SR 90

COO-005 2.+89E-01 1 .692E+OI

005-OiO 2.b3pE-o[ 1.571E*OI

~!o-opo 2.5SIE-01 2.397E+O!

020-030 3.052E-01 2.930E+OI

030-o~o 3.271E-01 3.192E+OI

040-050 ?..23F!E-OI 1 .747~+o)

CONCENTRATIONS IN PC1/GH.

OEDTHICH) 27 co 60 38 SR 90

~oo.Go5 1. I!6E-01 5.662E+O0

005-010 1 .50WE-01 6.o~lE.oo

0!0-015 1.~09E-01 5.333E+O0

015-0?5 6.8?9E-02 6.?43E+O0

o~5-035 1 .985E-CI

035~o’+5 I .0B6E-01

PROFILE ENEU 803

MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIFfIT

55 Cs 137 53 EU 155 9~ PU 239 9\ Pu 240 99 Pu 241 95 Atl 2~1 MASTER LOG

i .073E+01 ~.559E-ol 1 , 160E+O0 I .250E+O0 2,267E+01 1.021E+O0 06099631

I .034E+OI ~.613E-ol 1.160E+O0 1 .237E+O0 2.396E+OI 9.847E-01 06094734

8.743E+O0 6.631E-01 I .279E+O0 I .433E+O0 1 .318E+O0 06094871

‘2.9~6E+O0 6.743E-01 I .559E+O0 1 .659E+O0 1 .290E+O0 06094972

l,!og~+ol 7.995E-01 I .939E+O0 2.099E+O0 4.055E+OI 2.090E+O0 06095073

I .035E+OI 5.+73E-01 I 138E+O0 I .2~9E+O0 3.631E+01 1 ,255E+O0 0609517’-I

PROFILE HFH2

M{Nus FoR NO DATA LESS THAN SIGN IND!CATES INSTRUMENTAL DETECTION LIMIT

55 Cs 137 63 Eu 155 9~ PU 239 99 Pu 240 94 Pu 241 95 AM 2%1 tlASTER LOG

2.991E+OI 1.628E-01 3.957E-01 ~.~29E-01 ~.267E-Oi 01056790

2.989E+OI I .9?8E-01 4,797E-01 5.338E-01 1.036E+01 5)622E-01 01056891

! 937E+O! !.912E-01 3.909E-01 4.464E-01 1.139E+01 ~. IOOE-01 01056992

3.800E+O0 1.177E-01 3.090E-01 3.637E-01 9.086E-01 2.738E-01 0!057093

3 576E+O0 2.465E-01 6.279E-01 olo5719~

?.969E+O0 1.7~lE-01 2.814E-01 0{057295
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CONCENTRATIONS IN PCIIGM,

27 CO 60 38 SR 90

I 895E-01 1 .735E+GI

1.132E-01 I 183E+OI

1 .927E-01 i .065E+OI

~ .3~9~.oo 7,730:+(3]

I .070E-01 I .35!2E+O!

1.158E-01

MINUS FOR

55 Cs 137

I,162E+OI

5.315E+O0

8.iiTE+OO

6.653=+01

8 ~ooE-o!

3.307E-01

?ROF ILE HFH3

No DATA, LE5s THAN 51GN

53 EU 155 94 PU 239

? 850E-01 6.937E-01

I !65E-01 2.838E-01

I .80~E-01 3.960E-01

I 892E+O0 ~ 7Lt3E+O0

2.966E-02 6.319E-02

v5.7~3E-02

[NDICATES lNSTRUilENTAL OETECTION LIMIT

9~ Pu 2’+0 99 Pu 241 95 AM 2~1 MASTER LOG

7.545E-01 L+.229E-01 O1O3I39O

3,07~E-01 5,950E+O0 2.601E-01 O1O3I49I

Lt,470E-01 3.490E-01 01031592

5.293E+O0 ! . I 13E+02 Q.577E+O0 01031693

7.293E-02 4 .264E-OZ 0[031895

Y6.302E-02 01031996

PROFILE !iFH~

CONCENTRATlONS IN PCI/GM. M!NUS FOR NO DATA, LESS THAN SIGN INDICATES INSTRUi-I:NTAL DETECTION LItIIT

CEp~~iCH) 27 co 60 38 SR 90 55 C5 !37 63 EU 155 9~ PU 239 9% Pu 240 99 Pu 2%1 95 Atl 2hl EASTER LOG

000-005 8.838E-01 6.500E+OI ~.275E*O\ 8.599:-01 2.02~E+O0 ?.272E+O0 5.622E+OI 2.331E+O0 01058390

005-010 4.177E-01 3.671E+OI I .65EE+OI 2.8~7E-01 9. 162E-01 1 .086E+O0 2.071E+OI I .079E+O0 O1O5W91

o:o-o~5 I .708E-Oi I .6~9E+01 5 072E+O0 v3.336E-02 2.391E-01 3. 150E-01 6,176E+O0 1 .97%E-01 O1O5F3592

oi5-025 I 0+8:-01 I .eo9E+ol 2 5~2E+O0 Y2.357E-02 I .740E-01 2.317E-01 1 .860E-01 01058693

o?5~035 v2.822E-02 v2,~29E-c12 ~1 e96E-o? Y3.231E-02 01058794

035-045 VI 782E-02 2 2~lE-01 v3.842E-02 v5.667E-02 01058895



( CONCENTRATIONS IN PC1/GPl

DEPTH(CM) 27 co 60 38 SR 90

000-005 1 .E54E+O0 1 . l~9E+02

005-010 7.423E+O0 3.219E+02

010-Q15 3. 173E+O0 ?.350E+02

f3)5-cJ~5 6.5+IE-O? ~.793E*Ol

025-035 Y3.27~E-02

035-045 V3.041E-02

PROF ILE HFH5

MINUS FOR NO DATA, LESS THAN SIGN lNDICATES INSTRUMENTAL DETCCTION LIMIT

55 Cs 137 63 EU 155 94 Pu 239 9~ Pu 2H0 99 Pu 291 95 Atl 241 MASTER LOG

9. 162E+oI 2.752E+O0 6.545E+O0 7, 162E+O0 I .287E+02 5.707E+O0 01029890

! ,40!E+C2 I .~93~*cj] 3.202E+OI 3.35!E+01 5.959E+02 2.81+IE+OI 01029991

1 .2B4E+02 Lt,301E+O0 1.031E+01 1.117E+01 2.867E+02 9.~77E+O0 01030092

9.761E+O0 vZ. !22E-02 ~,883E-02 5.73CE-02 1 162E+O0 Y3.27~E-Oi? 01030193

~.241E-ol v2.227E-02 Y3.768E-02 0103029~

4.82LfE-01 v2. 189E-02 v3.730E-02 olo30~96

CONCENTRATIONS IN PC1/GfI

DEPTH(CM)

000-005

005-010

010-015

015-020

0?0-025

o~5-030

030’-040 \

040-045

27 CO 60

9.829E-01

8.554E-01

1.175E+O0

I 81~E+oo

I .~63E+O0

Z’.26IiE+OO

‘3.8213E-02

38 SR 90

6.338E+OI

5?30E+o\

8.55~E+ol

1 175E+02

8.770E+O)

1.201E+O?

3.669E+01

2.~53E+Ol

PKUt ILL 15UUUI

MINUS FOR NO DATA. LESS THAN SIGN

55 Cs 137

5.41~E+Ol

~.883E+ol

9.676E*Oi

LI,770E+01

3.266E+OI

2.271E+01

8 041E+O0 \

63 EU 155

I .562E+O0

I 381E+O0

1 .814E+O0

2.951E+O0

1 .851E+O0

3.908E+O0

‘6.559E-02

94 Pu 239

3 391E+O0

3. I19E+O0

4.206E+O0

6.+6~E+O0

4.9.23E+O0

8.92BE+O0

5. 198E-02

6.793E-O?

NO!CATES ]).JsTRIJflENTAL DETECTION IJM]T

94 Pu 240

3.6B3E+O0

3.478E+O0

~ .567E+O0

7. 198E+O0

5.131E+O0

9.550E+O0

7.230E-02

9. 185E-02

9+ Pu 241 95 Atl 241

6.572E+01 4. 173E+O0

8.288E+OI 3,548E+O0

E.613E+O\ 5.239E+O0

I .327E+02 6.604E+O0

9.563E+OI 9.069E+O0

1 .762E+02 7.9213E+O0

V1 .328E-01

tlASTER LOG

01000190

01000291

01000392

01000401

01000501

01000601

01000701

01000801
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1 PROFILE TSOO02

CONCENTRATIONS IN PCI/GFl. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUflENTAL DETECTION L])llT

~~pTH(cM) 27 CO 60 38 SR 90 55 Cs 137 53 EU 155 9~ PU 239 9~ Pu 240 9h Pu 2+1 95 Atl 241 MASTER LOG

c.?? 0~~.J~5 9.536E-01 L+,797E+01 Q.9?3E+O! 1.3a5E+oo 3.3+hE+oo 3.672E+o0 6.820E+OI 2.979E+O0 01006301

c> ~~~.ei~ 9.?2!E-0} 5.793E+DI 3.216E+OI 1 . 197E+O0 3.257E+O0..— 3.642E+O0 6.982E*01 2.7~9E+O0 01006401

,-----.... . 010-0!5 E.?7?E-01 6.022E+OI 1 780E+OI I .383E+O0 3.398E+O0 3.778E+O0 7.003E+OI 3.202E+O0 01006501
—.

C!5-0?5
W7

?. IE2E+O0 2.015E+O? 2.72~E+O! 3.’3OOE+OO 7.626E+O0 8.376:+00 1 .528E+02 8. 122E+O0 O1OO66OI

~-, :p5-~35 2’.+’+TE-OI 6.5LilE+Ol 3.5!38E+O0 2. OI+E-01 4.905E-01 5.252E-01 1.19+E+OI 4.28~E-01 01006701

CONCENTRATIONS IN ?C1/GPl

CJEPTHICiI) 27 CO 60

000-005 5.748E-01

005-010 5.914E-01

010-015 I 779E+O0

015-025 3. 173E+O0

025-035 1.l~2E+oo

035-o~5

39 SR 90

‘-t.389E+O\

~,040E+oi

9.9?BE+OI

2.433E+02

l.~OOE+O?

3.\04E+o\

PROFILE TSOO03

MINUS FOR NO DATA. LESS THAN SIGN

55 Cs 137 63 EU 155 9h Pu 239

5.56@E+Ol 8 551+E-01 2.0M2E+O0

4,59~E+Ol 8.811E-01 2.319E+O0

5.802=+01 3.2’55E+O0 6.090E+O0

3.~06E+ol Lt.352E+O0 I .029E+OI

3.318E+OI I .321C+O0 3.831E+O0

Lt,277E-O\

.

INDICATES INSTRUMENTAL DETECTION LltIiT

9’i Pu 240 94 Pu 241

2.300E+O0 3.f381E+Ol

2.5%3E+O0 Lt.793E+Ol

6.779E+O0 1 .222E+02

1.127E+OI 2.538E+02

3.981E+O0 7,662E+OI

5.050E-01

95 Atl 2~1 MASTER LOG

1.818E+O0 O)1O67OI

I ,81~E+oo 01106801

6.946E+O0 01006901

9.432E+O0 01007001

2.9~5E+O0 01007101

01007201



>

CONCENTRATIONS IN PC1/GM

DEPTHICfll ?7 co 60

000-!305 I .830E+O0

005-010 2.324E+O0

015-020 2.381E+O0

020-033 9.140E-01

036-051 I .062E+O0

956-102 1 800E-02

38 SR 90

1.911E+02

1.961E~02

2.03~E+02

8.869E+OI

3.01~E+02

I .207E+O0

CONCENTRATIONS IN PCIIGM.

DE?TH[CM) 27 CO 60 3B SR 90

000-005 2.331E-01 2.757E+OI

005-010 6.568E-01 5.527E+OI

010-015 2.’i83E-Ol 3.6~3E+Ol

015-025 1 .741E-02 5.081E-01

025-035 v?.91OE-O2

035-045 v2.288E-02 v9.009E-01

PROFILE TSOO12

MINUS FOR NO OATA. LESS THAN SIGN

55 Cs 137 53 Eu 155

I .2~3E+02 2.649E+O0

I .02!E+02 3 lh5E+O0

9.572E+O! 3.791E+O0

q,gq6:+oo 1 301E+O0

9,955E+oI 9.631E-01

I .7L+2E+O0 Vi .035E-02

9’i PU 239

6.595E+O0

7.~lOE+OO

9.176E+O0

29q8E+oo

2.460E+O0

I .338E-02

PROFILE T5003\

MINUS FOR NO OATA. LESS THAN SIGN

55 Cs 137 63 EU \55 94 PU 239

2 193E+OI 2.991E-O! 5.833E-01

+.224E+01 5.595E-01 1 .606E+O0

2.295E+OI I .77~E-01 5. lIi9E-01

1.998E+O0 v1.81~E-02

I .262E-01 y] .509E-02

I . I03E-01 YI.581E-02 8.491E-0~

INDICATES lNSTQUflENTAL DETECTION LIMIT

9~ Pu 290

7.293E+O0

8.203E+O0

9.96~E+O0

3.395E+O0

2.671E+O0

1 .500E-02

99 Pu 2%1 95 Atl 241 flASTER LOG

I ,397E+02 5.96%E+O0 01010901

1 .579E+02 t3,SllE+O0 01011101

I .851E+02 1 ,060E+01 01011201

7.96~E+Ol 2.772E+O0 01011301

Lt.856E+Ol 2.131E+O0 01011%01

V1 .667E-02 O1OII5O1

INOICATES INSTRUMENTAL DETECTION LIMIT

99 Pu 240 99 Pu 2H1 95 AH 2’-+1 MASTER LOG

6.E183E-01 I .429E+01 7.095E-01 0100+590

1 .845E+O0 3.701E+01 I ,945E+O0 01004691

5.712E-01 5.297E-01 0100%792

Y2.913E-02 01009893

v2.558E-02 oloo~994

7.667E-09 v2.886E-02 01005095
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CONCENTRATIONS IN ?C1/Ghl

DEPT,HiCti) 27 co 60 38 SR 90

COG-005 ?.516E-01 I .973E+OI

~135-olo I 127E+O0 ~ 950E+OI

OIC-015 I .270E+O0 3.368E+OI

0:5-025 2.05~E-Gl +,088E+O!

~~5-~35 ~7.041E-02 5.653E+O0

035-ok5 .$ 4\lE-oz v9.00’2E-01

CONCEt4TRAT10NS IN PCIJGM

~~p~~{c~) 27 co 60 38 SF 90

000-005 2.41EE+O0 I .950E+02

oo5-oio 2.932E+OG 2.03i?E+02

010-015 3.166E+O0 ?.’-I2OE+O2

015-025 3.004E+O0 1 .8E12E+02

025-035 3.200E+O0 2.097E+02

035-o\5 2.865E+O0 2. 186E+02

PROFILE TSO041

iliNUS FOR NO OATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECT:ON LIHIJ

55 Cs 137 63 ~lJ 155

1 .734E+01 ?.591E-01

6.*OIE+OI i 31BE+O0

7,009E+O! 1 .2~2E+O0

! .295E+OI v7.730E-02

! .022:+01 v4.092E-02

w, I04E+O0 v2.522E-02

94 PU 239

6.761E-01

3.278E+O0

3.627E+O0

9.O~lZ-02

3.256E-02

\.905E-03

9~ Pu 2~o 94 Pu 2~1 95 Atl 2~1 MASTER LOG

7.626E-01 6.126E-01 01002090

3.691E+O0 6.671E+01 2.936:+00 O1OO2I9I

~.234E+O0 2.983E+O0 0100Z292

1 130E-01 vI. I06E-01 01002393

3.532E-02 v6.505E-02 0100249~

6.302E-03 v3.990E-02 01002595

FROF ILL TSO051

fllFiUS FOR NO DATA, LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 Cs !3’7 63 EU 155 94 Pu 239 94 Pu 2Q0 9+ Pu 2Q1 95 All 2~1 MASTER LOG

I .229E+02 3.636E+O0 7.878E+O0 8.770E+O0 6.892E+O0 01003590

l,uIoE+o~ 3.870E+O0 9.~77E+oo 1 .050E+OI 2.013E+02 8.329E+O0 01003691

I .~37E+02 +.~26E+oo 9.973E+O0 1.117E+01 8,905E+O0 01003792

I .748E+02 4,216E+O0 9.302E+O0 1.0~3E+Ol 9.054E+O0 01003893

1 .907E+02 h q32E+O0 9.622E+O0 1 .06SE+OI 8,7:=E+OO oloo399~

I .824E+02 3.988E+O0 9.288E+O0 1 .036E+OI 2. 137E+02 8.324E+O0 0[004095



~ . . . .. ..... ... ... . . . .. ---. —-- -------- .—. . .— .-

Cm

C2
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DEPTti[:,w)

000-005

005-010

olo-o\5

015-025

025-035

035-s\5

o~5-055

055-065

065-075
>

u

PROFILE TSO061

CONCENTRATIONS IN PC I/GM, MINUS FOR NO DATA LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIIIIT

27 co 60

L?.722E-01

I.58aE-ol

7.73S3E-02

1.955E+O0

4,6?5E+O0

5.504E+O0

3 285E+C0

3.212E-01

8. 162E-02

38 SR 90

5.122E+OI

\ ,769E+o\

7.518:+00

1 .350E+02

4.087E+02

~,76iE+02

Li,311E+02

?.700E+02

5.32HE+OI

55 Cs 137

3.67LtE+Ol

1.17!E+OI

6.360E+O0

B.252E+OI

c?. )SJOE+02

3.393E+02

I .350E+02

2.932E+OI

1.571E+O0

63 EU 155

5.059E-01

3.266E-01

1 1OOE-OI

2.759E+O0

6.743E+O0

8.369E+O0

5.432E+O0

7.117E-02

2.708E-02

PROF 1LE

99 Pu 239

I .031E+O0

6.511E-01

2.~EJOE-01

6. 198E+O0

1 .657E+01

I .729E+01

I IOWE+OI

2.6B6E-01

8.563E-03

TSO062

9+ Pu 290

i iLf2E+O0

7. 159E-01

2.801E-01

6,829E+O0

1.831E+OI

1 .909E+01

1.217E+OI

2.943E-01

1 .00IE-02

99 Pu 241

Z’.3I+OE+O1

1 ,760E+Ol

I .29~E+02

3.330E+02

3.495E+02

2.263E+02

I .787E-01

95 All 241

9.29%E-01

7.197E-01

2.527E-01

6.ol~E+oo

I .336E+01

1 .79~E+O!

I . 159E+OI

V1. ,16E-01

Yl .875E-02

CONCENTRATIONS IN PC1/Gtl. illNUS FOR NO OATA. LESS THAN S\GN INDICATES {INSTRUMENTAL 9ETECTION LIMIT

D:?THICfll 27 co 50

0!30-005 8.152E-01

005-0!0 5.387E-01

0)0-015 1.159E-01

915-025 1 .329E+O0

025-035 I .577E+O0

035-045 1.575E-01

38 SR 90

7.83EIE+OI

3.B67E+01

7,892E+O!

7.6?2E*OI

I ,h93E+02

6.608E+OI

55 Cs 137 63 EL! 155

5.833E*:I I .091E+O0

2.744E+OI 7.554E-01

3. 13~E+O0 +.191E-01

7,694E+OI 2.023E+O0

I .35LtE+02 I .767E+O0

1.616E+OI vB.28~E-02

94 PU 239

2.539E+O0

1 .7H9E+O0

6,077E-01

~ .689E+O0

Lt,703E+O0

7.8~2E-02

99 Pu 290

2.812E+O0

2.008E+O0

6.5E3E-01

5. 167E+O0

5.3~7E+O0

1.021E-01

9~ Pu 2~1 95 Atl 2~1 tlASTER LOG

5.252E+O! 3. l~6E+O0 01001190

1 .979E+O0 01001291

1.196E+01 5.081E-01 01001392

969~E+ol 9.05~E+O0 01001493

%.779E+O0 oloo159~

vi .245E-01 O1OOI695

ttA5TER LOG

0:008790

0100889[

01008992

01009093

O1OO9I94

01009295

01009396

01009497

01009598
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CONCENTRATIONS [N PCIIGH.

OEPTH(Cfll ?7 co 60 3S SR 90

OQO-005 \ .074E+O0 \ .071E+C12

005-010 I .238E+O0 1. I~OE+02

010-015 I 123E+O0 1 ,046E+02

015-025 1 .686E+02

025-035 7.9h3E+ol

035-o~5 ‘i.963E+oo

DEPTHICMI

000-005

005-010

010-015

015-025

G25.035

035-u~5

105-115

CONCENTRATIONS IN PC\lGM.

27 CO 60 38 SR 90

6.707E-01 5.977E+OI

2. 109E+C0 1 .Lt61E+02

i?.968E+O0 3.504E+02

3,510E-01 \ .012E+02

7.757E-02 9.752E+OI

!3.833E-C2 2.41QE+OI

1 .275E+O0 9.991E+OI

PROFILE TSO07(

MINUS FOR NO OATA. LESS THAN S!GN INOICATES INSTRUMENTAL DETECTION LltllT

55 Cs 137 63 EU 155 99 PU 239 9+ Pu 290 94 Pu 291 95 Afl 241 tlA5TER LOG

6.622E+OI 1 ,~12E+O0 3.150E+O0 3.599E+O0 7.365E+OI 3.61OE+OO 01005590

6.73~E+Ol I .600E+O0 3.971E+O0 ~.382E+O0 7,892E+01 9.716E+O0 01005691

6.018E+OI 1 .667E+O0 3.Lt86E+O0 3.886E+O0 7.225E+OI h,079E+O0 01006292

6.662E+O0 7,455E+O0 1 .429E+02 7.779E+O0 01005792

2.8ooE-o\ 3.6i6E-01 8.450E+O0 01005893

3.539E-02 9.308E-02 1 .492E+O0 01505999

PROFILE TSO081

MINUS FOR NO OATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LltfiT

55 Cs 137 63 EU 155 94 Pu 239 94 Pu 2+0 9~ Pu 291 95 AH 291

3.821E+OI I .008E+O0 1 .952E+O0 2.207E+O0 9.6%OE+01 2.355E+O0

8. 199E+OI 3,045E+O0 7, 108E+OO 8,050E+O0 1 .769E+02 8.775E+O0

1 .036E+02 3.758E+O0 I .036E+O\ \.i61E+o! 2.909E+02 1 .334E+OI

2. I133E+OI 2.151E-01 5.883E-01 7.090E-01 I,~lOE+Ol 6.072E-01

6. 144E+O0 v3.~23E-02 9.982E-02 1 .282E-Oi v6.086E-02

2.506E+O0 vI,721E-02 7.9iOE-02 1 .058E-01 EI.779E-02

5.613E+OI 2.305E+O0 L4.073E+O0 %.391E+O0 8.239E+OI 9.35LIE+O0

HASTER LOG

oloo7~90

01007591

01007692

01007793

01007894

01007995

olooe601
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CONCENTRATIONS IN PC I) GM,

C: PTH [CM) 27 co 60 38 SR 90

000-005 7.05h E-o I 4.389E+01

005-010 I .547E+O0 B.8B3E+OI

010-015 2.2~l E+O0 1.301E+O?

015-025 Lt.B47E-01 8.356E+01

0?5-035 1.519E-01 5.?75E+O!

035-045 Y3.901E-02 6.2L13E+O0

o~5-355 Y2.39!E-02

PROFILE TSO091

MINUS FOR NO DATA. LESS THAN SIGN INDICATES lNSTRUtlENTAL DETECTION LIMIT

55 Cs )37 63 EU 155 9~ PU 239 94 Pu 290 9~ Pu 2’4!1 95 AM 241 14ASTER LOG

7.60’iZ+Ol 1. 126E+O0 2.590E+O0 2.993E+O0 7.986E+OI 3/207E+O0 01029690

9.~6~E~Oi I ,S25E+O0 5.333E+O0 5.96~E+O0 1.075E+02 6.054E+O0 0]02879]

8.859E+01 3.’i82E+OO 8.207E+O0 9.212E+O0 2.026E+02 9.96~E+O0 01028892

2.81BE+01 3.00IE-01 9.059E-01 I .073E+O0 9,955E-01 01029993

7,072E+O0 v7.311E-O? 2.614E-01 3. I17E-01 6.E79E+O0 2.877E-01 0102909%

2.636E+O0 v2.936E-02 2,947E-02 3.685E-02 YLt.653E-02 01029195

I .309E+O0 Y2 023E-02 Y3.097E-02 01029296

PROF [LE TSOIOI

CONCENTRATIONS IN PCI/Gtl. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

DEPTHICill 27 CO 60 38 SR 90 55 Cs 137 63 EU 155 9~ Pu 239 9~ Pu 240 9+ Pu 2~1 95 AH 241 tlASTER LCIG

000-005 3.69LtE-01 7 9G5E,01 5.6LtOE+Ol 4.937E-0) 1. 185E+O0 1,319E+O0 2.~~7E+Ol i .379E+O0 01035290

005-010 2 548E-01 ~.991E+Ol 3.317E+OI 2.85~E-01 7.2-79E-ol 8.991E-01 2.003E+OI 7,99iE-01 01035391

0!0-015 I .~22E-ol 3.29\E+Ol I ,’i38E+Ol 7.9g6E-02 i?.578E-01 2.86’iE-ol ~.959E+oo 2.7~7E-01 01035492

~)5.op5 Y3.252E–02 I .E50E+OI ~1 ,40~E-ol v3.933E-02 v6. lIi~E-02 01035593

925-035 v3. 123E-02 6.302E+O0 8.+68E-01 v2.~23E-02 1 ,060E-02 I .33~E-02 v!+.078E-02 0103569%

035-0+5 V2.829E-02 3.993E+O0 2.062&-01 v2.292E-02 v3.812E-02 01035795

. “1
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CONCENTRATIONS iN PCI/Gtl

DEPTH(CK) 27 CO 60 38 5R 90

000-005 5. 153E-01 6.396E+OI

005-010 9.78~E-0[ g,~~3E+o[

010-015 1 .600E+O0 8.19~E+ol

015-025 1 ,07~E+oo EI.338E+OI

025-035 3.?O~E-02 3.61EE+OI

035-o~5 y2.956E-02 7,305E+O0

PROFILE TSOIII

FilNUS FOR NO OATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 Cs 137 63 Eu 155 94 PU 239 9~ Pu 2+0 94 Pu 241 95 All 241 MASTER LOG

7.9Lt6E+Ol 7,667E-01 2. l~7E+O0 2,3i35E+O0 5.162E+01 2,677E+O0 01011990

9.968E+OI 1 .637E+O0 3.971-tE+OO 3.869E+O0 ‘i.977E+Ol 4.039E+O0 01012091

!.271E+02 2.015E+O0 5.356E+O0 5.973E+O0 1, 143E+02 6,631E+O0 01012192

7.086E+01 I .C36E+O0 3. 150E+O0 3.577E+O0 2.55%E+O0 01012293

3.063E+O0 v] .523E-02 2.776E-02 3.598E-02 Y3. 155E-C2 olo1239~

2.603E+O0 Y2.2E16E-02 y3.926E-02 01012~95

D~~~H(cM]

000-005

005-010

olo-oi5

015-025

025-035

035-0+5

045-055

PROFILE TSO121

CONCENTRATIONS !N PC1/GM, MINUS FOR NO DATA, LESS THAN SIGN INOICATES INSTRUMENTAL DETECTION LIIIIT

27 co 60

1.691E+O0

I .932E+O0

3.823:+00

2.137E-01

5.032E-O!

I .3L17E-01

5.2Li3E-02

30 SR 90

I 390E+0.?

2.393E+02

3.183E+02

2.301iE+Ol

1 .240E+02

1.231E+OI

2.~93E+O0

55 Cs 137

I lbcL7”L

1.091E+02

! .777E+02

! 197E+O!

3.888E+OI

9.739E+O0

6.977E+O0

63 EU 155

~,~l+l~+oo

2.818E+O0

6.059E+O0

Y6 !31E-02

1 .783E-01

V9 .802E-02

VI .Lt55E-02

9+ Pu 239

5,590E+O0

6.860E+O0

l.~OOE+Ol

2.L122E-01

8.865E-01

1.281E-01

~.323E-02

94 Pu 240

5. 185E+O0

7.590E+O0

1.514E+01

2.827E-01

! .087E+O0

1 .~87E-01

%,955E-02

94 Pu 291 95 AH 291

1 .2~5E’32 6.131E+O0

I .40-;E+02 9.671E+O0

2.673E’02 1 ,871+E+O!

2.501F-01

2.259E+OI 9.EI1lE-01

i .95EiE-01

1. IZ’2E+O0 v2.94~E-02

MASTER LOG

01032990

01033091

01033192

01033293

01033394

olo33~95

01033596

‘1
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DEPTH(CH)

009-005

005-010

(3]0 .015
~
w 015-025u

025-035

035-095

125-1~5

.— --- -4

PROFILE TSO131

CONCENTRATIONS l,N PC[/’G,Fl, MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL OETECTION L[)IIT

27 CO 60

5.68’3E+O0

I 16+E+O0

3.530E-01

v3.699E-02

V?.9E?E-02

v3.832E-02

“, ::LE-02

38 SR 90

3.421E+02

I .689E+02

1 .279E+02

2 570E+OI

2.725E+O0

v3.60~E+O0

55 !2s 137

3.404E+02

6.37+E+OI

! ,p59~+o\

! .263E+O0

~, !~q~-ol

2,770E-01

YI.619E-02

63 EU 155

7.559E+O0

I ,08!E+O0

VI .073E-01

v3.121E-02

yi .895E-O?

v2.029E-02

y] .365E-02

94 PU 239

I .E06E+OI

2,488E+G0

Lt.0~7E-01

Li.860E-02

3.036E-02

94 Pu 290

2.033E+01

2.886E+O0

~ 892E-01

6. 153E-02

3.586E-02

9~ Pu 241

3.91~E+02

5.275E+OI

8.950E+O0

I ,272E+O0

95 AM 2~1

2.3E13E+OI

3.933E+!70

‘i.577E-01

Y5.23~E-02

v3. I19E-02

v3.728E-02

v2.359E-02

tiASTER LOG

01039190

01034291

01034392

olo34~93

0103+599

olo3f+695

O1O35IOI
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DEPTHIcM)

OCIO-005

005-010

010-015

0?5-035

c135-045
>
I

,+ 0+5-055
m

055-065

065-075

075-085

085-095

095-105

io5-125

1125-1~5

)45-155

!65-185

CONCENTRATIONS IN PC1/Gf!

?7 CO 60

4,068E-01

5.977:-01

7.3LtlE-01

5.96~E-01

9.734E-01

I 659E-01

3.183=-01

7.311E-02

2 918:-01

1 .77+E-01

1.251E-01

~~.3a9E-O?

9.9~lE-01

3.273E+O0

w6.~32E-02

v3.5~o~-13~

38 SR 90

1 .9~~E+ol

2.055E+OI

3.382E+OI

3.122E+OI

~ IO+E+OI

2.Ltf31E40!

3.909E+OI

2.2~9E+Ol

2.2i20E+ol

I .888E+OI

2 q~gE+ol

1 .’+5+E+OI

q,l+zg~+o!

I .808E+02

I .095E+OI

v3.153E-01

. .—. .“ m . ...

,

PROFILE TSO161

tllNUS FOR NO DATA, LESS THAN SIGN INDICATES lNSTRUflENTAL DETECTION LIIIIT

55 C5 137

5,658E+OI

3.322E+OI

3.213E+O!

2.689E+OI

3.369E+OI

l. Ol~E+Ol

2. 145E+OI

9.734E+O0

I ,~92E+Ol

1 .039E+01

! .273E+OI

7 O;+E+OO

3 ~91E+ol

9,892E+C1

6.964E+O0

I I+6E+O0

E3 EU 155

~ .068E-01

6.~37E-01

7.821E-01

6.2E14E-01

5.829E-01

I,391E-01

5.077E-01

Y4.160E-02

2. I16E-01

1,616E-01

3.405E-01

v3.660E-02

I .295E+O0

~,694E+oo

~3.911E-02

v2. 19GE-02

9’-! PU 239

1. II+E+OO

I #~%2E+oo

\ .917E+O0

I .485E+c0

I .315E+O0

3.B~5E-01

1 . 167E+O0

2.327E-01

6.077E-01

4.38~E-01

8.09 \E-ol

I .622E-01

3.373E+O0

I .023E+OI

6.586E-O?

94 Pu 2~o

1.251E+O0

1 .7qOE+O0

2.118E+O0

I .675E+O0

1 .482E+O0

Lt.3B3E-01

I .273E+O0

2.912E-01

6.869E-01

4.789E-01

8.928E-01

I .760E-01

3.727E+O0

I .0E17E+01

8.216E-02

9+ Pu 2~1

2.686E+01

~.065E+Ol

3. 185E+OI

3.336E+01

1.019E+OI

2.%99E+01

1.OIJE+O1

6.8H2E+01

1 .972E+02

1 .937E+O0

95 Atl 291

I .236E+O0

1 .655E+O0

2.209E+O0

I .6%IE+O0

1 .~98E+O0

Lt,236E-01

1. I12E+O0

1.661E-01

5,977E-01

4.9~6E-01

E?.658E-01

v6.667E-02

3.258E+O0

I . 178E+OI

v7.113E-02

~3.980E-02

tiASTER LOG

01038290

01038391

O1O38W92

01038593

01038694

oto3e795

01038896

olo3e997

01039098

O1O39I99

01039201

01039301

01339901

0103s501

01039601

O1O397OI



-.

PROFILE TSO 171

CONCENTRATIONS IN PCI/GFl. MINUS FOR NO OATA. LEss THAN S\GN lNoIcATEs ]NsTRuflENTAL OETEcT[oN LfMIT

OEPTH(CMI ?7 CO 60

C!GO-005 \ .533E+O0

005-010 ?.712E-01

o!o-~]~ I .953E-01

Ci5-025 1 .796E-01

025-035 7.023E-02

035-0+5 6.275E-02

38 SR 90

I .360E+O!

5.063E+OI

~, 138E+01

3.55E?E+01

3.690E+O0

3.~38E+O0

55 Cs 137 63 EU 155

9.595E+oI ?.206E+O0

2. 153E+OI ~7.523E-02

1.719E+O\ v6,581E-02

9.095E+O0 Y5.~91E-02

I .~07E+O0 v3.935E-02

1 llEE+OO YI .987E-02

9~ PU 239 94 Pu 240 s% Pu 241 95 AM 241 tlASTER LOG

5.991E+o0 6.212E+O0 I ,300E+02 6,667E+O0 01027390

9.798E-01 5.986E-01 5.923E-01 olo27~91

3.323E-01 ~.+13E-ol 8,955E+O0 3.982E-01 01027592

4.563E-01 01027693

Y6.951E-02 0102!7794

1 .592E-01 01027895

PROF lLE TSOIBI

CONCENTRATIONS IN PC1/GM. MINUS FOR NO OATA. LESS THAN SIGN lNOICATES INSTRIJHENTAL OETECTION LIMIT

OEPTHICM)

000-005

005-010

0{0-0[5

015-025

025-035

035-o~5

0L,5-(355

055-065

065-085

27 CO 60

i .939E+O0

!.00IE+OO

2.397E+O0

5.609E-01

I .~79E-01

I .068E-01

I ,560E-01

v’+. 328E-O?

Y5.306E-02

38 SR 90

I .202E+02

9.78~E*Ol

I 732E+02

6.063E+OI

4.l~lE+ol

3.37L!E+O\

F3.252E+OI

2.918E+oI

3.~70E+oo

55 Cs 137

2.838E+OI

2.2?5E+OI

3. 165E+ol

5.205E+O0

I .396E+O0

I .266E+D0

1.5i7E+oI

I .005E*01

I .503E+O0

63 EU 155

2.257E*O0

9,557E-01

2.836E+O0

1 .433E-01

y3,397E-02

v3.360E-02

5.523E-02

Y4.523E-02

v2.~26E-02

99 PU 239

6.050E+O0

2.481E+O0

6.8%2E+O0

8.968E-01

I,691E-01

1.5+5E-01

1 .739E-01

7.932E-02

9% Pu 2+0

6.640E+O0

2.800E+O0

7.617E+O0

1. 13~E+O0

2.128E-0[

2.051E-01

2,326E-01

1 .025E-01

9~ Pu 241 95 AM 241

1 .350E+02 6.O1OE+OO

+.996E+OI 2.605E+O0

1 .385E+02 7.218E+O0

9.761E-01

4. I 17E+O0 1.614E-01

3.832E+0’I v6.023E-02

1 .739E-01

1 .910E+O0 v7.878E-02

V%.505E-02

tiASTER LOG

01062690

O1O6279I

01062892

01062993

01063099

01063195

01063296

01063397

O1OE3+OI



4

I
OCPTH(Cfll

000-005

005-010

010-015

015-0?5

025-035

~ 035-0+5

: 045-055

055-065

065-075

0’75-085

085-095

095-105

105-1,5

!15-125

CONCENTRATIONS [N PC1/GH

’27 co 60

8.7~3E-01

5.950E-0[

5.680E-01

i .~oqE-ol

2.829:-01

l.El~E-ol

~.577E-01

8.5Q5E-01

I .712E+O0

8.392E-01

I .25L+E-01

5. !qo~-op

I .687E-01

V2 271E-02

38 SR 90

Li.950E+GI

5. I17E+01

~.806E+ol

2 ~Q+~+o\

2.59’5E+C1

i.li9E+Ol

~ 060E+OI

6.559E+OI

I 155E+02

8.829E+O)

3.598E+OI

9.279C+O0

! .~99E+c11

?.384E+@o

PROFILE TSO191

il[NUS FOR NO DATA, LESS THAN SIGN INDICATES lNSTRUFIENTAL DETECTION LIMIT

55 Cs 137

6.207E+OI

3.766E+01

3.782’E+OI

B.E’03E+O0

2.228E+O!

5.955E+O0

2, !06E+o]

4.6+5E+OI

5.023E+OI

E?.723E+OI

2 389E+oi

/,I+33E+o)

2.808E+OI

3,481E+O0

63 EU 155

1.181E+O0

1.0Y9E+O0

8 IO+E-01

1 .2h9E-01

3.51i5E-01

\ ,973E-0[

9.901E-01

7 793E-01

E’. 155E+O0

6 ~61+E-o\

1.231E-01

5,739E-02

1 .776E-01

WI .979E-02

9’+ PU 239

2.682E+O0

2.262E+09

1 .492E+O0

3.218s-01

8.635E-01

~.3S8E-01

1 .285E+O0

2.006=+00

%.996E+O0

2.051E+O0

3 367E-01

1 ,872E-01

4.~67E-01

4.568E-03

9+ Pu 240

3. 135E+O0

2.529E+O0

I .697E+O0

4. 127E-01

9.617E-01

4,986E-01

1 .475E+O0

2.252E+O0

5.~28E+O0

2.380E+O0

3.762E-01

2.080E-01

5.207E-01

5.766E-03

9+ Pu 241

3.365E+OI

Lt.~51E+Ol

3.727E+OI

1 .800E+01

+.323E+01

~.423E+Ol

6. 167E+O0

3.787E+O0

95 Ati 2~1

3.109E+OO

2,920E+O0

2.013E+O0

3.175E-01

8.6%~E-ol

q.842E-01

I .323E+O0

2. 183E+O0

4.869E+O0

2. 159E+O0

9.027E-01

2.~39E-0(

3.863E-01

f3.873E-02

tlASTER LOG

01060090

01060191

01060292

01060393

01060%94

01060595

01060695

01060797

01060898

01060999

01061001

01061101

01061201

01061301

-4
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c~D~p[cM]

000-005

005-OIG

C! O-G15

015-C25

0?5-035

035-0’?5

(j45-1355

COINCENT2ATIONS IN PC 1/Gil

27 co 60

E!.937E -01

1.l~9E+oo

+.761 E-01

5.Q55E-02

v5.225E-02

Y2.385E-02

V2 560E-02

38 SR 90

3 \51E+OI

LI.500E+OI

?.486E+OI

2.057E+UI

I .7i23E+01

CONCENTRATIONS [N PCI IGPI.

~~p~~(cfl) 27 CO 60 38 SR 90

000-005 5 ~~E~.o[ 2.997E*O!

005-0!0 5.329E-02 I .078E+OI

~;l~-ol~ Y3.532E-02 9.788E+O0

01:,-025 v3.628E-02 I .275E+OI

0?5-035 Y4 251E-02 I .088E+91

235-045 v2.0X8E-02 3.3~3E+oo

PROFILE TS0201

tilNuS FOR NO DATA. LESS THAN SIGN

55 Cs 137

5.027E+01

2.B82E+01

I 51~E+Ol

I .002E+OI

7.17!E+O0

I .063:+00

5.96~E-01

63 EU 155

I .291E+O0

I .275E+O0

3.756E-01

Y3.528E-02

v3.96~E-02

v2.079E-02

VI .922iZ-02

99 Pu 239

2.926E+O0

3.7~OE+O0

9.673~-(3\

[ND[CATES INSTRUMENTAL DETECTION LIMIT

9~ Pu ?40

3.515E+O0

4.563E+O0

I 155E+O0

99 Pu 241

7.482E+01

8.973E+01

2. 188E+OI

95 API 241

3.645E+O0

Lt,022E+O0

1 126E+O0

v6.568E-C12

Y7.027E-02

Y3, 772E-02?

v3.550E-02

HASTER LOG

01061590

01061691

0106179?

01061893

0106199~

01062095

01062196

PROF ILE TS0231

MINUS FOR NO OATA. LESS THAN SIGN INDICATES INSTRUMENTAL DETECTION LIMIT

55 Cs 137 53 EU 155 9+ PU 239 94 Pu 240 9~ Pu 2%1 95 Atl 291 tlASTER LOG

3.506E+01 7.239E-O! I .700E+O0 I .896E+O0 4.806E+OI 1 .957E+O0 01036790

1.551E+01 v’i .887E-02 2. 152E-01 2.%36E-01 5.856E+O0 w8.~6~E-02 01036891

4, I06E+OI vE.937E-02 I .377E-01 1 .532E-01 v1.167E-01 01036992

q.q08E+O0 Y3.018E-02 I .~75E+O0 1 .653E+O0 3. 179E+OI v5.923E-02 01037093

I .B86E+O0 v3.301E-02 2.90~E-02 3.756E-02 y5,369E-02 0103719+

i .45~E+oo YLi,~\3E-02 8.559E-03 1 .040E-02 Y6.500E-02 O1O37E!95



.—
-J

Jz-

Ca

CONCENTRATIONS IN PCI/GM.

D~PTH(cFll 27 CO 60 38 5R 90

000-005 6.~73E-02 3.286E+O0

005-0[0 6.Ol~E-02 3.555E+O0

010-015 8.766E-02 ‘-1.617E+O0

0;5-025 9.320E-02 3.6h3E+O0

‘j~5-035 1.499s-01 5.~32E+O0

035-0Q5 !.157E-O! 7,Lt28E+O0

CONCENTRATIONS IN PCI/GM.

DEPTH(CMI 27 CO 60 39 SR 90

000-005 \ ,780~-ol EI.779E+O0

005-010 I .E193E-01 7.572E+O0

010-015 F2.06~E-ol 8.239E+O0

015-025 1 .609E-01 6.207E*o0

025-035 2.093E-01 1 IO+E+OI

035-045 3.1OIE-OI I .797E+OI

tllNU5 FOR

55 Cs 137

6.06BE+O0

2.915E+O0

2.335E+O0

3.020E+O0

2.987E+O0

2.229E+O0

PROF!LE TS02+ I

NO DATA. LESS THAN SIGN

63 EU [55 99 PU 239

I .~9+E-01 I .826E+O0

(.394E-01 2.663E-01

i.518E-01 3.093E-01

1 .667E-01 2.98Z’E-01

2.57LiE-01 3.571E-01

I .952E-01 5,5+5E-ol

PROFILE TS0251

KINUS FOR NO OATA. LESS THAN SIGN

55 Cs 137 63 ELI 155 94 PU 239

I .258E+OI I 778E-01 3.723E-03

7.3~6E+oo 2.686E-01 LI.577E-01

6. 185E+O0 ~.306E-01 5.l~OE-01

7,320E+O0 2.743E-01 9. 198E-01

3.~75E+O0 ~.122E-01 6.662E-01

Li.063E+O0 6,306E-01 1 . 12%E+O0

INDICATES INSTRUMENTAL DETECTION LIMIT

94 Pu 2+0 9% Pu 2UI 95 AM 241 tlASTEfi LOG

2.212E+O0 3.336E+01 2.109E-OI 06067890

2,789E-01 5.622E+O0 2,~h5E-01 06067991

3.371E-01 7.775E+O0 2.302E-01 06068092

3.159E-01 3.9~OE-01 06068193

3.917E-01 B.090E+O0 5.050E-01 0606829b

5.955E-01 9.608E+O0 Ii.Lt75E-01 06068395

IND}CATES INSTRUMENTAL OETECTION LltllT

94 Pu 240 9~ Pu 2~1 95 AH 241 tlA5TER LOG

~.977E-03 Lt.207E-01 06066~90

5.086E-01 Ii.323E-01 06066591

5.577E-01 1.019E+OI 8.505E-01 06066692

1.o~8E+oo 6. 198E-01 06066793

5.500E-01 9.329E-01 0606689~

I .282E+O0 2.529E+01 1.451E+O0 06066995



—.——.--—-——- -— --— ..-— .. ..—.—

C.n

Ca
.

DE PTH(Cfll

000-005

005-010

010-015

015-025

025-035

035-G45

o~5-055

955-065

065-085

~ 085-105
N
L, 105-125

125-:45

PROFILE T50261

CONCENTRATIONS IN PC1/Gt’I. MINUS FOR NO DATA. LESS THAN SIGN INOICATES !NSTRUHENTAL OETECTION LIMIT

27 CO 60

1 .595E-01

1.714E-01

I .820E-C)I

1.195E-01

7.167E-02

V2.022E-O?

Y2.555E-02

VI .57~E-02

Y2.278E-!12

VI .685E-02

VI .386E-02

v?.sll~E-02

CONCENTRATIOh

oE?TH(ctl) 27 CO 60

000-005 1.185E-01

005-010 Y3.403E-02

010-015 1. I09E-01

CI15-C2’5 v3.383E-02

025-035 5.716E-02

035-045 v3.791E-02

38 SR 90

4.689E+O0

6.\19E+C0

7,320E+O0

1.137E+OI

8.608E+O0

~.395E+O0

2.903E-01

3.916E-01

Y3.153E-01

~4.505E-01

V2.-/030101

Vz! 928E-01

15 [N PC1/GM

38 SR 90

2.~28E+O0

I .789E+O0

I .533E+O0

4.123E-01

Y3. 153E-01

v3.60~E-01

55 Cs 137

7.892E+O0

3.718E+O0

3.703E+O0

~.421E+O0

I .776E*O0

I .572E-01

V2 ~13E-02

Y!.970E-02

YI .7E17E-02

vi .304E-02

vl. !d9E–02

Y2.610E-02

63 EU 155

I .339E-01

2.119E-01

I ,273E-01

Y5,077E-02

v~.5!9E-02

v3.395E-02

v) .532E-02

vl ,470E-02

Y2.003E-02

VI .706E-02

vl.4hlE-02

VI .732E-02

9+ PU 239

~. I%7E-01

9.30LtE-01

5,171E-01

3.977E-01

5.689E-02

2.965E-03

9~ Pu 290

4,775E-01

5. 108E-O1

6,045E-01

4.019E-01

6.6+OE-02

3.395E-03

9% Pu 241

I .099E+OI

95 Atl 241

~.250E-01

h,833E-01

4.396E-01

3.377E-01

v1,351E-02

v6.234E-02

v2.670E-02

Y2.626E-02

Y3.~91E-02

Y7.113E-02

Y2.52E’E-02

v3. 130E-02

MASTER LOG

06265290

06065391

06065~92

06065593

06065699

06055795

06065896

06065901

06066001

O6O661OI

06066201

06066301

PROTILE Ts0271

MINUS FOR NO DATA.. LESS THAN SIGN iNDIC/.TE5 INSTRUMENTAL DETECTJON LIMIT

55 Cs 157 63 EU 155 94 PU 239 94 Pu 2~o 9% Pu 241 95 Atl 2+1 MASTER LOG

4,257E+O0 9.541E-02 3.604E-01 4,093E-01 7.315E+O0 2.LtSOE-01 06089190

I .605E+O0 1.008E-Oi 3.768E-01 w.35LtE-01 8.505E+O0 2. 150E-oi 06089291

1.121E+O0 I,192E-01 9. 159E-01 4.711E-Oi 9.383E+O0 2,951E-01 06089392

2.725E-01 v5.397E-02 v9.086E-02 06089493

I .EOOE-01 v5.288E-02 v9.261E-02 0608959~

1.199E-01 v5.671E-02 6 563E-03 6,9~6E-03 v8.766E-02 06089695



PROFILE TS0301

CONCENTRATIONS lN PC1/GM. MINUS FOR NO DATA. LESS THAN SIGN INDICATES INSTRUMENTAL OETECTION LJflIT

DEPTH(CP!) 27 co 60

000-005 2.592E-01

005-010 3.29~E-O!

? 010-C15 3.338E-01

(v
P 015-025 2,u59c-ol

025-035 5.541E-01

035-o\5 3 00+E-01

38 5P. 90

‘ 1.776E+01

1.571iEAOl

I .~99E+01

1.611E+oI

3.909E+OI

2. ’+5E+O1

55 C5 !37

1.!36E+OI

9.599E+O0

9.770E+O0

I .055E+O[

1.778E+OI

9.B56E+O0

63 Eu 155

5.699E-01

4.761E-01

5.l~9E-01

~.775E-01

i ,276E+O0

6.09[E-01

9+ pu psg

1 .3Lt4E+O0

1 . 102E+OO

\ ,093E+O0

1 .023E+O0

2.888E+O0

i .2Lt%E+O0

94 Pu 290

\ .%~4E+O0

1.218Z+O0

1 . 160E+O0

I. IIIE+OO

3.083E+O0

I .350E+O0

9~ Pu 2~1 95 Atl Z’i! MASTER LOG

2.413E+01 1 .023E+O0 06093290

9/770E-01 06093391

2.315E+01 1 .036E+O0 06093992

2.023E+01 1.155E+O0 06093593

5.658E+01 3.002E+O0 0609369~

9.23SC-01 06093795



I

I

,

(

I

I

I

I

I

I
I

t

I

Appendix B. The Distribution of Radionuclides with Depth in Soil
Profiles of Bikini and Eneu Islands

Tile following fig[ires grapl)ically present the cOncentratlons of five

60~,, 90s,. 137C. 239
seiecced r<ldionuclicles ( , . , > 1’u , and 231Am) with C]c?[lthOf

soil. OnC” gr.lph i.sg L1’enfOr each sample location of Lllc Isl:lnds (see Figs, 2,

3) anti each corresponds LO t~le t,lbuJ.al” presenLat Lon of the same dat-.lin Appen -

dix A. Throughout, open symbols -Lndicate detection IJ.mits and solid symbols

60C.
indicate measureci values: v = ,*=90Sr, UI=137CS, a=2391>u, and

“+ = 241.Am.Figures are grouped according to general location of Llle samples.
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Appendix C. Geographical Distribution of Radioactivity in the Surface Soil
(O to 15 cm) of Bikini and Eneu Islands

60C, 90~r 137C~
The following maps present the concentrations of , , 9

239P,] 240PU and 241
> > Am (pCi/g dry weight) at the various samplings sites of

the top 15 cm of soil on Bikini and Eneu Islands.
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